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PREFACE 


the course of hia official duiies a geological surv^'eyor 
meeLa people in many w?il];.? of life who usually show a lively 
inieresi in hif? work^ buL who^ for the most paTt, Iiave little or no 
geological knowledge. Two questions Lhal. corisuntly jirise are ^^What 
do you do?^^ and ‘'Wlia.t is the econoniic use of geology?"^ It is to 
the second nf these that this Look i,s dc'iigned primarily to 

rei^ly, lai’gely in general terms. bul. in some instances in detail. 

There is a natural tendency to use the word geology not only for 
the Ht^JencCj but alsth fi^r the iH^1:ual pinysicntl structureof the cai'th^s 
crust. Nornia.Uy it unaudd pCL'hiips be quibbling to oliject to this. 
Yet, strictly speaking, although tiiese strLiclures may have eidated 
for miJhons of none of them becomes a geological one until it 

has been interpreted aitd accepted ^vithin the established principles 
of i:hc Ktjicncc. Most of the earth's features known to us today existed 
during the time of Neolithic maUj but they were not then geologic 
features^ for Neolithic man had no science of geology. The point 
subtle, but it is material in the preiient e.onte.ict. in order Ijo make clear 
thali the aim of the book is to show how the acknee of geology- enters 
into oiir everyday life^ radier than how geological structures^ as such, 
alfecL 

I I has been tleemcd necessary to give a very bi'ief description of 

w'hat is included in geology^ and of its historical development. T1\e 
latter hns been based largely on Sir A. Geilde^s Founders of&f?bgjy^ 
published The book is in no sense a text-book ^ it is intended 

ibr tllJ^■^sc unversed^ or but little versed^ in the subject- Jargon has 
been avoided e^& much as possible^ and ^ubh. geological terms as have 
been inti'oduced have been iully explained. 

III the iiaiLii’c of things^ the authorns outlook bceii coloured 
by more than [hirty years^ experience on the ycientific staff of the 
GeoJogical Survey of Great Britain, and many of the examples of 
npfilicd g’culogy are deT"ivcd from British soui'ces. But the succession 
oJ' .strata as it OGCuis in Britain i^as been quoted in preference to 
one Irtjni some othci^ area primarily because it most saiisfactorily 
illustrates a specific point and only secondarily because of its Jocatiou* 
It is hoped that die book wdll fiavc more than an insular appealj 
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PltEF AGE 


ICI 

and that nt will pvovt' ofgcDCtal intci-CiSL \.o both non-anu'juTfic and 
sdentific readr:ra. inclndinj^- Emofigtil: ihe latter civil and f^iructurntl 
engineers^ \vater cng'inoei^Sj mining engineers and others. 

The varied naiLUfc of die economic problems that a geologitial 
j&urvcyor is called upon to discuss renders his outlook relaLively 
eailtolic. Yet his personal knowledge still remains very limiLed 
udien regarded within tJic whole held of economic geology. But he 
discovers a fund of goodwill amongst both codcaguos and members 
of othei’ professioj-iJi who are WJdcK' expevienoed tfpcciali.^ts in tho.ir 
sevej’al branchris. Upon thb fund the auihor haj^i drawn deeply. 

In the iniLial sl:ages of llie book the aurhor received mo^l: helphd 
guidance &om Mr. D. M. Desoutler. Invaluable aid has been 
received from Mr, P, Evans of the Burmah Oil Company: _Vfr. 
A. H. Toms of the Civil Engineers^ Department, Waterloo Station; 
Mr, H. M, GcH, of Messrs. Lc Graud^ Sntchffe and Gell^ Ltd., and 
Mr. B. S. LuTiJcaux. His th:inl^s arc also due to the Director of the 
GcoJogrcal Sui’vcy of Great Briiain for piirmiadon lo draw Irom tlio 
lOSoiA-oir of olljCTal in fibrin a lion ^ and to ntLn^croi.is colicagucSj in 
pardcidar to Dr. W. Anderson^ Dr. b. B^icliau:. Dfn VV^ Bullcrwelh 
Mr. A. J. Budej'j O.B.E.j Mr. Wilfrid Edwardi^ Dj-. V. A. Eyles^ 
Di\ T. Robertson and Dr. P. A. Sabine. 

Plates are reproduced from photograplis most kindly provided by 
Mcssi’jj, C, Isler and Company (Frontispiece and Mr. 

J, Gh O* Smaft (IITj A), British Railv=7i’^=^ (V, VII, A and Cement 
and Gonc^retc Associatiou (VI), Xatiorfal Coal Board (VITI^ A}^ 
Dock5 and Inland Waterways Executive (IX, A)^ Cit>" of Nottingham 
(X). Messrs. Wilson, Lovatt aiid CompaTiy (VTJT, E), The Sliell 
PeLrolemn Company (IX, B), and Mr. l\ Ai&kow/ (XIL Bi. The 
Institution of Water Engin eel's have lent the block for Plato X. 

Fig. VII, I IS included by courte.^^y of flracliuF^ ai-^d the 

Council of tlie InstituLe of Maning Engineers; Fig. XIV, 2 is based 
on a map lent by the Director of the East Mailing Research Station^ 
Ken<.^ jijid Figs. 6^ XII^ 3 and XII, 4 are reproduced by the 
pixmission of Professor Sh E. Hollingw'orih^ Professor J, H. Taylor, 
and Mr, G. A. Kollawiiy smd the Couueil of the Geological Society 
of London. 

Finally the auLhor give.=i his most gTatclhl tiianks to hh wife ihv 
a full meed of help of Llie kind tliaL only a wile can givc. 


1955 


F. Id. E. 





CHAVTJSR 1 


The Beginnings of Geologjy 


T he compiicalJnii?i of the present f>ci™tific tend to observe 
the simple faci_ that the eanh’s is tiic entire Ibuin; of <lie 
mate I a a) pa.rt of out existence. House-building-, water ^^upply^ pro- 
duet Lon of solid and liquid fiieh, gupplies of metals and i-hc mainten¬ 
ance and Lmpi'OvemenL of agrdcnltur'al .sonIs, arc acdvibes usually 
tahen for granted. I'liey are but some of the directions in which the 
rocks on wl-dclt we live affect om^ everyday livc:^. The fact that they 
liT'c taken for granted is pcrlaap.s natural: a simple relationship 
rarely exists between the ^-ourcr of the raw material and the (uid- 
pro duct in wliidt it ultimately z-ejiohe^v n.s j and it is the end-product j 
not the source of raw mater ialsj thatclaijiis tlm inLcrc^ttiftho major ity 
of people. .Againj in the fashioning of these products variolis other 
scientific or teehnicii] iictivities. of perhaps stronger immediate 
appralj arc nsuaily involved. Finally, in spite of the very obvious 
importance of ihe earth's strata to us^ Geology^ l.hc science which 
concerns them^ is less ividely studied, in Great Eritaiti at leasts than 
are many otlie]' sciences. Popidar appreciation of geological facts 
and processes is iimitcd. 

Geoloigy a regent jsgienge 

a formal science^ geology dates only from iJie very end of die 
eighteeiich cenmryo The quesdojt, therefore^ may justly be asked 
whetheij as far as mater i:il wealth and dcvclopitienL arc conccrtied, 
geology has in actual f^ict inade really jmportnnt contribution to 
our weihbeing. From du: material point of view the world progressed 
Tca.'^nably well widiout its help daring the centuries tliat preceded 
It^ birth. The tfcmple precept that a hoit^e built on rock ha* greater 
stability than ortc built on sand was known before tlie nineteendi 

u 
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Cf^nuiry] Many magTiiEiceni; biu'.ldiiiga, bridges and aqueducts 
crcCLcd wnhont any geological aid. Source.^ of and metliods of 
winning golclj copper and tin weire known and understood before 
die Chris dan era. and coal ]rd^ been Tnlned for several centuries. 
Well-digging for v/ater was praotisr'd by die ancients. 

Willie the formal .science of geology of recent originj tiiei e b 
bttle doubt that .seiendfic method played an irnpoi'tant part in that 
3 ong series of discoveries and obf^ei^vations on natural phenomena 
■■rVlnch prce.L-did establidnneTii and which dale from tlie days of 
Plato and ea.rlier. Such mai:1:ers as the selecdoii of good building 
stones or i:ho excavation of an ore-beai'ing iode^ or a of coal 
that came to die ground sui’face, iUl involved some degree of 
scientific method. In pre-scientilic days, however, search for any 
form of mineral weaUh was practically confined to the ground 
surface. WitJi no set principles to guide the searcher it was largely a 
matter of trial and error^ or even of luck. 

One CDJitribntion of geological seience ns a great increase in the 
wealth of mankind over and above the restricted supplies, both in 
quantity arid in kind^ that had previously becji rendered available 
through Simple observation. The applicauoTi of geological pj’iiiciple^ 
has disclosed vast hidden minera.l resource^; of many kinds, which 
could not pebbly have been othei'wht.e located. Another conti'ibu- 
tion of geology h the provision ol'daLa wlihout whieli mtuiy of our 
great engineering enterprises could not have materialized. From a 
negative anglc^ die scaenee lias greaily reduced the risks of cos-ily 
failures which in many case£ are necesEariiy atiendanl on purely 
hapha:s<ird procedures. 

Geology^ however^ Is not an exact science—it has on occasions 
bc:cn satirized as an art—and in the nature of things available 
giKhlogIcaJ information is msufScient to pro\dde d. full, or even a 
parilalj at^^wer to every problem where applied geology could be 
used with advantage. This must be \io, for the c^rnplex patterJi of 
the geological structure of the earth's crir^t h rarely, if n'^ver, precisely 
the same even iVon-i one mile of the ground fiut'fac.c to anoibcr. 
Detailed information on many parts of die eardi's r.rujit is atill very 
Jimited and is only acquired slowly, Gcn 3 Dgi(:al science hajt already 
conferred great benefits on mankind^ and will conunue to do so in 
increasing degree knowledge accumulates, but for many year's to 
come a propordon of man^s works directly involving the eartii's 
crust is bkely to suffer from primary miscalculations, and some 
pan. even to end in failure, as a result of insufficient geological 
information. 




TJfF. 5 OF CZOThOGV 1^5 

ANCfF-NTJ- VIEW^^ 0\ TTTJ-; I'.AliTJlt'H STRUCTURE 

I’iie aciveni of science offers a rcTimrk;L}?.!e ^tudy of 

sudden and lale developnitiiL Many pbcnoinena sjiowu hy ihc 
e-ii'th'H cnis1: i^rc obviously of a uype to call attcnnion lo themselves^ 
and have bcim iKJtrd by dhnldng men from pr cluster it:, 
omvairds. For a lon^ time TbLiclL pSionorncvia were atiributcd in the 
"supcrnnturnl; but cveii by the be^iv^jiing of our era the more 
L-clicctive inirids accepted a view t>iat much of u-hal t.lioy saw could 
be explained by purely naLi.uial b[isin^ tineir oiilnioos on 

close yti.Tcly of the nii.tural things aronud Lhrin. Tiic Meditei’rantan 
regdon oiLc 1.hal: is very favourable to the cjbser’h^ntioii of two 
phenomena in pac LieulaVj volcaiicrs avid (. nrthejuakes. bodi of vvlhcji 
may procUu:e rapid fi.nd striking- local inodiricatinns of tlie earth's 
i;urf:n:c. By those who svcvc ob^eiT'O.nt and cridea] Cei-<.iilii scenic 
{’ca'i.iires of this area u-ei'e easily recognized liavin^^ been pr-ciciuced 
by these two agencies. Purtlicr^ succr.-SL\a: periods ul'drovight and of 
heavy rainfall were seen to cause ab:ernaming periods of low river 
ilew aiifl cjI' heavy flood in die river va.licvSr ft ’Lvas noted tlial the 
laLier spread over the low^-iying couna'y^iide wide slice 1.s of gravrl 
and mud whicl-i the flood wacers had biougJit down from the liilh. 

By the lime of Aiistotky three eenturic:s before Gluist, many 
nrlLabie observations coiteerning the MediUTranean a t ea had been 
reeoivledj including some of parLiciilar peidnencc by Aristode 
liimsclf. But. SCI end fie jnothod—-the careful observation and the 
patient cofleehOii nud e.oin]jari^son of facts-—wn^ ab^^enU aflliough 
some slight cicmeiiLarv correlation of observations ’^vas atiemoted. 
Aristotle, for ex ample, connecJcd earthquakes and volcanic eruplion;?. 

Til ere wa5 at that time a strong tcndcriey to cxplaiu isolated 
filicno.mertu by the elaboiLLtinn oi’various baseless liypLii-hrscs, some 
extremely ingenious. I’liis lentiency ss also instanced by Aristotle. 
Having traced a connection between card i quakes rj.nd vole ini e 
eruptions, he proceeded to e^phuu them by accepting n common 
belief that .^tirmg winds coiistimily circulated wiihin die earth. 
He nltributeri both manifcsLacjons to an escape of tlu^-^e suppn^^cd 
winds dsrough the earth's crust. 

TojiVtt Oy THE MFIDDLE AgE^ 

In Eui'ope the Middle Ages sho’w^ed little oi' no advance in 
ihcientiilc metliod. From earliest tiinry die prLisenre of fossiJ sheds in 
rocks far distant from the sea had aimtised much specula.tiou and 
controversy, but such was the ecclesiastical discipliuc of tjie Middle 
Ages that no one; was found io question c^vihodox icaching that the 
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iidLiih but some old. Openness of mind was dis¬ 

couraged, and in consequence numei'ous "escape’ explanadons of 
the presence of these fcss].l were mfidCj such as that die foF^ails 
were in reality iuorgaiuc; or that, they owed tlieir presence to some 
occult miiuonce of the F^Lara. (It Ls on record thah in England, even as 
late aa the nineioenLli century, a learned diviiu; maijitained that 
Ibssils had been purposely jilaced in tlie rocks by Lhe Devil, hi order 
to deceive and perplex mankind.) 

Some of the observers of this period^ however, found themselves 
unabie to accept any exphinatinon. of forsils other th.an that they were 
in tmilh of organic Origin. Their way of eae^^pc from au unorthodox 
(.^OnchiF^ion ii) w'hioh diapaaaiouatc and pliiloaophioal iitudy would 
have led diem lay in cIlc univerj^ally aoccplcd vcrai(in oi'thc Dchige 
of Noah having been a calasirophc wliicli in facL drowmed the 
whole earth. 


HyrOTljU’-iJ-iS O'i' 'riiE S.l'WliMllil-NI'tl CliNiUJtY 

The interval between the Middle Agc^- and the eighteenth 
c-entury appiircndy witnessed tlic same stiTility of scieutino gcO- 
logical drought, aUhoiigh the intclh:cJ:ua! development of this period 
[Ti^iy well have paved die way uiiobtii.ialvely for the JTnmcdlale 
rcccpdoTj of Lhe rcvolutlonai'y viewa lo be rxpresacd a Imndvr’d yeai's 
later. bTumeroLis aciiLc obaervahiona conl:inucd in be made. In i 6&6 
Robeit PJot, in a coniprehrjiaive descrip lion of ilie natural history 
of Staffordshire (which followed a similar volume on OxfordshiTc 
publisSied fn 1077^, described in great detail the sti ata of the muhng 
fircaa^ uuiking the observation diat “the Earth here . , , seems to l>^: 
of a [juibou?^ na.iurc, several folds of divert consistencies sdU in eluding 
Ofie another, after the jnn.nncr of the coats of ^ or an Gy^Gn'\ 
VcL lO him tb.^sibj of winch he ivuide an extensive auidy^ were but 
'^lapld^s .^fii g£}i£Ti'i- naLuinally pj'odaecd by f^ome cxiiviordinary 
plastic vin'Lue, iatnih In the Eartlfh Tim acventcentli ceniiiry as a 
whole was characterized by a rcmat'kable scries of speculative 
explanations on the origin not only of the earth but also of tlic 
universe; ahvays widdn the ordiodox view's of the period. Tiiosc 
cxpia.nations show^ed a considerable awakening of interest in geo¬ 
logical maftersj but very seldom, proceeded along the padi of 
sciciLlifte cnquii’y. Observed facts were still very fev.^. and the various 
hypoLiui^SeS consi:^ted largely of highly imagiTLative picLin^es which^ 
though the ino^t part con fitted sLidctly wiLldn orthodox bounds, 
certainly allowed ni much controversy. 

One of the ino^it amazing of these ir:iaginative pictures ^vas cou' 
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tributed by j-n. "Cn^lidiniin. llioimis Euvnct, wbo in iSKi 
a S(/£.T^J Th^^ry 9/ tha Ee.rA, in some respectit rcrnmi scent of tlie 
Gietik my ill of Pandora, lie asserted that up to the time of the 
Deluge of Noah there had l)L;en perpetual Spring on the earthy but 
diat the wirkedness of man led to a catastrophe in which the sun's 
rays iplit open die earth's crust, through which water then burst 
forth ii'om a central ahy^J^, to food the land. An interesiing coin- 
parison here arises v.hth the views of .Aii^t<itle and liis contemporaries 
that the inter:or of the earth was a apace occupied by ^^troug winds, 
ft seem a reinark^tblc today tlrat^ so near to our own timea^ Burned a 
^j.baurdity was very widely acctrptcd both in this country aaid in 
Europe. 

A contenix^orary of Burnet, Jolm Woodward (commemorated in 
the Woodvvaidiaii Frolesj^orsliip of Geology at Cambridge), also 
allowed his imaginadon full play, but he was in F^omc rcj^peet;^ more 
ralionaL He bad made a remarkable collection of fossils, which 
todny form a valued part of the fossil col lection of the Sedgwick 
M^iSeiini at Cambridge^ arid hr found him^cll' Impelled Ui helieve 
in their organic character. Bui the Deluge again offei-ed a sahisfylug 
soluiion of tiieir origin. By making and studying his cotlection of 
fossils, ho’^v-ever, Woodward docs in some degree rnark the beginnings 
of a new approa[;h. 

EeRST foundATIO yS OF OnOLOUICAL SClEKOli 

It fell to a Scoismanj James Hutton {i 7 v: 6 - 97 )s 10 lay the main 
foundations of present-day g[:ologica.l science—to fnd the key, aJi it 
sverC:. to lhc pruljleiii!^ ol' ihc carLh^s s true Lure that harl hidierlo 
a(\c.^^LOn[\\ so mticii specula Lion. And how obvious the key really 
was! Il w^as simply the observation and rippreci:^tion of natural 
processes as they operate at the present time. Thh led Lo Uie i^cog- 
nition of the principle that ju&t aj; today material from the land is 
waslicd into Oie ^^i^a by rivera and by mai’inc erosion of chfFs;, ilicrc 
U} bi: laid down in siraLified order^ and just as volcnncje^^ today pour 
out sheeLs of lava and send out clouds oihu^icfi over Qieir surrounding 
areasj so^ -with difFe]:ent g^:ugraphLcal distriloulions^ hiive tliese things 
Jiappencd time and tinio again in the past. Efuttou's conoltx^ions 
resulted from his cai^eiVil collection and cor re 3 a lion of many oliserva- 
ov[:r a period of some thirty yeai J5. They were based on true 
scientilic method. Part of hit; great contribution to tlie founding of 
geological science hij^ bicak with the almost traditioual habit of 
die past centuries of tiicorizlng on the earth's shucture from litile or 
no evidence. 





Tf) GEOLOGY AND 0L‘RSEr.VFil 

Hullion was born in "Ediolb^iirgli, where he qualified both in law 
and medicine, Afi.ei' vai'ious chang'es of uccxipation, he took up 
farming in Norfolk, a district where the; local geology is on the whole 
iiijnplc, yet where a numbei' of problems that called for a res.iiuned 
explanation presented theinselves. In Iils endca\'Dur to discover the 
answers to them he travelled on foot over maaiy parts of England. 
It is not iqnknown for an enthusiast to neglect his normal calling for 
his hobby, but HuttOJi was ofiai'ger calibre; ho maintained his full 
interest in his everyday workj a.nd he prospered. Later Iio returned 
to Scotlandj witerc a remunci'ativo business Hie enabled him ulth 
Tnatciy to devote his whole timt; to his chosen field of study. 

iScorland offered him a difTei'cnt set of probhuns on wliich to 
niediiJitc; problems connected with the formation of granite and 
the [ntiJTy other rocks of Scotland, Tlicse rocks are now knotvn to be 
of igneous origin (see p, 36), but most ol'thc \dews then current held 
them to be precipitated from sea water. 

GuRlOUS IDEAS PR.OM FftiauLRo 

Pararlojdcally, the rapid dissemination of Hutton’s views resulted 
in part from the work of the last outstanding survivor of wliat w'S.S 
soon to become the old regirne^ his contemporary Abram Worticrj 
Professor of Mineraiogy at Freiburg from 1775—1817. He was a man 
of tremendous enthusiasm ,ind personalityj and liis scientific work on 
the; dcseription and classificaLioT] of the many and va.rious minerals of 
wliieli rock.s are composed was ol'thc highest order. It is one of the 
foundatirms of the study of rocks. But by an almost incredible process 
of reasoning in circles, he evolved a theory that all rocks were 
chemical precipitates, deposited frotn an ocean wliidi originally 
covered the whole eartli, and wIiicL at its period of inaxiinum 
development v.'as ccttainly of a depth trqual to the heiglit of the 
highest mouniairis. This theory vtas tatight jls being ascertained fact. 
Ills \nesvs received world-wide acceptanoo, only to be completely 
discredited widiin a few years of his death, lake Hutton, he en- 
cthoraged observation, but unlike him he collected information with 
a Jirmly closed mind. In .vpitc of the rejection of his view.s, however. 
Ills inJluencc has remained. His enthusiasm kindled like enthusiasm 
in a large numbei’ of ins contemporaries and students. The many 
discLissions that took place spread Hutton’s ideas, and led to a great 
accumulation of detailed though iircorrclated knowledge of various 
parts and of different aspects of the earth’s crust. Of die mass of 
data thus provided, geological science, soon to be eslabllahcd. Look 
advantage. 
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£as.lv wde-e: I^" France and Gi^rmany 

Immediately foliowijag other solid foundations 

of geologioal science were being laid in France^ notably by Baron 
Cuvier (1769-183^)^ iind by dc Monet, Clievaller <le Lamarcls: 
(1744-18215). Tiie Paris noi^bbourhoodj now known geologically 
as tile Paris Basin j is one of ci:nnpar a Lively aixn]dc struoturCj 
but with nuTTierous divergent lypes of strata abounrling in fossil 
shells. Lamarck'^ vnetbod of sipproach w^s akin to that ofHuLton and 
he likewise eslabltshod certain bash; principles tdgeolog^^'j notably on 
the aul^jcct of die avrangcnienL and sequence ol'strata; a subjoct lUat 
today constitutes stratigraphy. Lamai'ck also took particulai' note of 
the very varied assemblage of fo^dls, and recognized their affinity 
with modern shells. He was^ indeed^ die Ibiintlcr of invci'trbrati: 
palaeontology^ now an essential and major branch of geological 
science, 

Cuvier, s^’jiuctiuac Fi oFcSSt?r of .^natori-iy at P^ris, was priiriarily 
a biolaghLj but just as I.amarck was led Lo compare fo.ssil Inverte¬ 
brate shells with modern ones, so was Cuvier led 10 comjnare Fossilized 
vertebrate bones whth modern forms. Tims from Paris oamc tlic 
coincident dcvelopmcnl of i:io1:lL irivertebran; and vcrv.tjbrate pal a- 
coriLology. But C]uvier^ in conjunction wdtii his friend Alexandre 
BrongniarL (1770-1847), made fiirther fundamental advances. 
Resulting from long study of many quarries anti geohjgica] secdouSj 
a dcfinir.i: order of anrajigcrneuL of l.he consdtueni: beds of llie Paris 
n(.dghbourhood was recognized. Anoiher contemporaTy, Von Buch 
(1774-1853) j originally a pupil of Werner's^ contributed to tbe 
developing science by his co]T.di[sIon& eoviccriiiug tlie ime nature of 
igneous rocks, 

Coi-fFUETlON or THE FOUNHATTONS 

Idle foirndalLons of the science were hltherm only partly com¬ 
pleted. They were finished by an Englishman, William Smith 
(i 76^-1839)j to whom, by general consentj has bccu awarded 
the title of Tatlurr of English Geologyk Sjnidi was a surveyor 
by profession; today he would be knowui a civil ciigmeer. Working 
in Ids early professional years in. the Gloucestershire-Oxfordshire- 
Somerset area, he becaiue i^ttiadied by the nature and arraugcment 
of the strongly divcj'gont types of strata be cncountci^ed. For six 
years he ^vas engineer Lo a canal eompa.Tiyj during the great period 
of canal continue don in Britain. Tili^i gave liirn unrivalled oppor¬ 
tunities of observation on the nature and arrangement of the 
different su^ata tliat wci'c Cut Llarough. Possibly through a natural 
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bftntj Eind cr;rtainly by virtue of bb engiiieering sind surveying 
iraining, be mMle oarefal noteSj a great inaTiy in map form, fli must 
be empl'iasized, liowever, that be was by nn means tlie first thus to 
record die siirface (iiatributio) i of roebs.) He discovered tliat among 
the foasila contained in the several straur which he esaroined were 
some drat were characreriStic of. and restricted to, each po-rttcular 
set beds. He ihen found that determination of the,sc fossils od’ered 
A means of identifying the same bed in exposures many mili^s apart, 
and, in eases where strata had been disturbed by eardi movements, 
at various levels relative to that of the sea. This was a discovery of 
majo)' importance to die future development of gt;oh>gical science. 
By applying Ms discovery to his niap-making, Smith coiistructed the 
&:st real geological map, that is to say, a ii'iap from which the 
strudnjre of the earth’s surface may be read as a three-dimensional 
form (see Chapter V). He thereby provided the science with a 
technique of surpassing value, and one without which little progress 
would have bceti possible. 

The foundations had now been laid as four strong sections, on 
which scientific investigation of the cardds crust h wday firmly 
sup]:orted. These sections, which are elaborated in the pages to 
follotv, ai-o: (i) procedure by patient investigation and recording in 
the held and interpretation of the recorded observa.tions by reference 
to geological processes aedve at the present day; (fi) the study of 
fossils from which correlation of widely separated citposures of rocks 
may be made, and from which iniporLant evidence may be deduotid 
on the conditions of deposition of the various strata of sedimentary 
origin; (;y) the critical esaminadou of igneous rock types and their 
containecl minerals, and comparison with present-day volcitnic lavas 
and debris, by which it may be demonstrated that there has been 
volcanic activity at many places and at many different periods in 
the past; (4) the invention of the geological ma]:, which provides a. 
method by which the results of geological study may be graphically 
recorded and displayed. 

Tlic superstruoturo of modern geology, which has been erected 
on iliese foundadons, is one of considerable dimtmsions. It is being 
added to today by workers ii'i many countries and of many luitton- 
allties. The iart must not be forgotten, however, that both the 
laying of die foundations, and die erection of the scientific edifice, 
were facilitated by the exisLcnce of a well-founded access road, as 
it were, made hy a sneoession of acute* observers extending back¬ 
wards through the whole of historic times* 



CirAPT-Kl^ Jj 


Geologjy Todqy 


I N itp Oi'f^inj.1 jind widest ^ense, geology t 3 ic Rcicnc’e that 
i;xint:^;riied Lh[: earth in genera.!j ineUidmg (i) the alTtK^aphcre; 
{^] the waier on ih^ ear ill's ctlisL and wiLhin rooks (coilectiveiy 
known as tlie Jiydrospbcif:): the crust itself; and (4) the interior 

of the earth. But the preyerit-day mortning of the term is. noirmaHy 
restricted to the science of the eariii'.s ern^^t. ahine. This modification 
is more in accartl wdth the scope of research hitherto inherent in the 
subject itself. 

Geology i^SRcntiady an indtichve science based On direct observa¬ 
tion a ol'the mate:vials comprising Lhe crust, such aa are t.0 be made at 
the ground surface^ and in mines and tunnels. I'he accumulation of 
detailed information eoncerntng the rocks ofthc whole of the land 
areata of the earth's cruzit (which oomprisi: t.liat part of the gdtibe of 
gi traLeci. conccim to on which Lo found geological dcdacdom. 

15 dius a possibility. Il iS;. however, one that is as yet very far from 
full attainment. But the land areaf? occupy only one-fifth of the 
globe's toul area, and direci; observation can only be mn^.de on tiic 
suiTace skill of Lhe eavdi. 

The field for direct obseri^Eition is there fore limited. Even in 
Great Britain^ which is geologically vvcli-’Cicplorecl i'clatively Lo much 
of the w^orldj the geological clrucLnre and die nature of the rocks arc 
only kntswn wldi a reasonable degree of cevtaijiLy to an ;!.vci’age 
depth of a mere 1^500 ft. In miriing ai-eaa the depth in the region 
of ,^jOO0 ft. In certain other parts of the country^ notably in parts of 
the Cotswolds and south-east England^ the figure is as little asi about 
500 ft. As reecntly as 1953 a borehole at Cambridge jirovided a com¬ 
plete geological surprise at a depth of .-150 ft. below ground surface. 
The decipest borehole?? in the woi'Jd (pnl down in the sea [-eh fcjr 
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oil) reach depilis of about i&.ooo ft, to ^OjOoo ft,^ an.d very acca- 
$ioiially somewhat deeper. From an engineerirg point of vievvj 
llie^e deep boreholes are tremendous aecornplishments, but tlieir 
depth—about three and a. half —is jivllo enoiigli when com¬ 

pared mth the 4.JOOO miles of the eai Lh^s radius. 

The narrower signifieLinee of fho term ^geology' h also the more 
in iJ.ecord with actuality since l-tjday bolii the sil.mosphere Ui^id the 
hydavispliere ai'e tlicn-LscIve^^ subjects of specific sciences^ aTid views on 
tlic origin of the earlli and on the atrucLurc and eomposilion of its 
deep interior arc based very largely on interpretations of da La 
provided by ihe science of physics. Yet the original comprehensive 
deliniiion of geology was not without its mei’its^ and thei’e Is a 
tendency in some quarters to bring it back into use. Air, waier^ 
crufital rocksj and whatever may be l^clow the crust, inake up one 
indivisible earth. The atmosphere and tlie hydrosplicre ai'c closely 
linked with each other. Tlie surface rocks not only contain bc^th air 
and water, but arc continual y reacting with tit era in one dirccliou 
or anothern Processed that OCt:ur witbui th(?. earthTntCT'h.a' a.ffcci: its 
Surface; and au undersinridiTig of the variotu> eveut^! of gc:>Iogical 
his Lory wiiic.h may be read from the crustal skin demand ti an 
appreciadon of the inLeiioc sLructiii'o in SO far a? tins if? possible. 
The science of geology as understood toil ay needs p(=j:force lo 
be closely associated with findings of the sciences of biology, 
physnes. cbemistty^ meteorology" and hydrology. 

Struct fiTiE ot Tjm t.arth 

A gerierally accc];tcd view concerning the body of eai'th is that 
there h (1:) a {itustal belt about thirty miles tliick, composed of a 
complex: series of eonsolidatcd rocJts; a dense core^ of about hy.lf 
the diameter of Llie whole earth:, -^^nd (g) homogenous matcLualj less 
dense iiian the core, in the spa.ee intervening bchvcent.hc cove aj-sd 
the crust [Fig. r). This view i^ Lulled very largely on InLcrpi c- 
tauon of seismic data, and h, in the natuvi: of thingfi. hypothetical. 
Intc:vpretatTOUS of this nature arc ess on Li ai sLCp^ in. die invostiga^.ion 
of cru?!ti 3.1 movements and their causes. Yet htnvcvor rca.&oi iable Liny 
may appear, they still remain hypodiese.Sj liable to be dheavdcid vvhcJ-^ 
fnidier infoiiriy.tion comes to iighc. For many years a theory ha.'i 
been held Lhat ihc core of the eardi may well consist of a ma.ss of 
nickel-iron. This is the most reasonable explanalion of ctatain 
observalions based on phyalcs—so much so dtac it is almost in danger 
of being accepted as ascertained fact. But it is not a.scertainet.I faci 
and it is not euiircly iinqT[estioned. 




<^e6loqy today 


The ovter parL of iSie crusL^ to a depth of perhaps several miles, 
coiiiigU of a complex arrangement of rocks in the Lances 

silica and akirniina. arc the nro^t impoj.'Lant Ct>]i^tiLQenL£. 'Fhese outer 
rocks axe less dense ihau those of die inner part of the crust. The 
lower rocks also have silica as one main constituent but magnesia is 
lludr second. The upper group ha.s been conveulcndy named 



Fjg. TIj —A hypothetical iiiLetJial stTueturc of 

Lbe earth. 


clcrivetl from iSdica and jf^iiiniiia, and the ]owe^ 'Sinia'^ from i^dica 
anrl Ai^ignesium. 

TllJi ^TATURF OF ROOKS 

It has to be accepted as n fact that the Tlcsl solid rocks oi tht^ car ih^s 
ofUHt solidified fronn a molten state, atuI thai at immcrous times siiice 
other rocks have been formed in a similar wyy- It is very doubtiui 
if any of the original rocks survive; certainly it would not be possible 
to recognl'ze tlicni even if they do. All rocks that have been formed 
in this vvay^ irrespective ol’when they soiidified^ ai'c termed igneous 
rockji. The word hgnr:OLiS^ naturally brings to mixid a picture of 
volcanoes and their accompaniment of fixe; and indeed the word as 
used in geology owes its ongiu to observations on volcanoes and 
volcamc rocks. 'Bul in point of fact most igneous rocki^ have nod ling 
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GZOLOGV AND GUiifiELVZS 


io do with fire. Just Tonned when waiter ]cm-:^ licy.t to a 

sufEdent deejiree, so, ui? a ^I'oup. do igneous voetj^ result thiongE die 
cooling (or it may actually be said freeiiing; ol' a molterj Tlte 

fu’e tsf v^ilcanoes is a secondary effect in a special case oT igiiOOUEi 
jctivity. The great niajorit>' oTigne^u.^ rocks have crystallJiied hc^o\v 
1:1 le giOLind surface, quietly out ofnghtj and nnauended by fire^vorks, 
an it were. 

A great pai’t of the si a] consists of comminuLed fragments, some 
inoTgamc, soine of aiuinal and plant remains that for the most part 
have l^ecti depositii^d in sc:a hoors of ]:?a&t ages. These are generally 
^.■oTnpresstd or ci.'.Uicntcd liOgrdieiy and constitute .scdiiTLontary strata. 

Igneous rticks ant.! sedimentary strata together com pi is e tlic great 
built o[' Lhe dsihlc rocks of l:he earth. The limited rciriuindcr include 
volcamc ashes and the Irke^ and rocks which Jikn slate and serpentine^ 
have been all.ered from their original sohd stiitc by hcM and/or 
pressure. These laat m'c metamorpliic rocks- 

Myot!. suciTONs OF rrEOLoca- 

Modern geology inchtdes four major stactions; 

(s) Phytsical geology; the sttidy of die jjrocesscs by which changes 
in the eartli's crust are brcugliL afinut. 

’h) Minei'-dogy and Petrology; wliich deal with tlie compositLon 
of rockii. 

PalactJiiLolrjgy; the ^indy of fossils, both from their interest 
as remains of pi an is and anhnals long dead^ and from their 
ability io ihrow ligliL on problems of bistorkial geology, 

[4.) Hisloricai geo:ogy='; comprising (a) ytimtigra.pliy, the deter¬ 
mination of die succession and arri^ngen7C:nt. of .strata., and 
(bj Palaeogeography^ which automatically includes the 
rtrconstimction in imagination of ibrmer geograpltie^. 

I'hi^ fodowing pages, to the end of Chapier IVj contain brief 
accounts of (.hc^e major :seetionS of the .^cieiice as tliey are undei'stnod 
today. 


PldYSTC^Ai. GdiOLOGY 


Among the geological processes wiiicli operate every day upon 
the Jiind surfaces of the eai'di ore three which tend tow^'ords ultimai:e 
dcstriif.tion of land areas. These processes are severally known a^ 
-weaLhering", "transport and ^erosion"; collectively diey are grouped 
as "deiiLidatiouk Weathering is the decay and destrueuon of rock at 
or jusc brlovv iho grt.iund surface. This is produced by a variety of 
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iiiean^: physlc^il inter iicuon^i of rock ytAih ;^iV and "wa-ter: changes of 
temperature; vegetation; animal activity; and ohemioial action. 
Water and frosi in conjunction are particularly poLent agents of 
do 3 tT-u.ct.ion. Water^ largely demxd from rainfall, seeps into cracks 
and crevices in the rocks, and expands on freezing:, to force blocks 
of rock apai'L. Were this process to be continued indeliniE-oly vvlllioat 
disturbance it would result in complete pulverisation of a rock 
surface. Plant roots, which penetrate to depchs of tens of feet, 
UHiilsi. in this work, as do myriads of worms, grubs, Small bun t.jsving 
jiiilmab and -Hueh like, 

d’he heat of Lhc may cause disruj^Lioji of rock surfaces^ 
pardcLiiarly whete intense day heat is followed by cold nights. 
Igneous rocks in parlicular which in-c composed of various mineralj^j 
each with dififcrent specific heat^ are ewpecially vulnerable lo Lhis 
type of weadieiLng. Internal stresses that are seL up .in the rock by 
the sudden changes of teutperature produce firstly a scaling~iiff of 
surface layers and subsequendy dicir c^’jtnplcU^ disintcgvati^'m^ Much 
desert sand is formed in this ■Lvay. 

MEmy surfii.oc rocks contain muterals tliat ai^e soluble in ware? or 
in the weak acid protiuced by carbon dioxide in conjunction 
water. Removal oftheise soluble materials by percolacing water is a 
very common cause of rock decay. 

Rock waste, which includes surface soils, is ultimately transported 
from tlie i:i.]?ice w-l^ere it was formed by the caiTvfing agencies rarnfahj 
rivcTSj glaCKo^s ?md wind. Except in the Case of wind, tlicse move 
ma.tcrinl imdc-ir Uic influence oi' giavity; movctnontj thei^jiore. is 
conlinually fi:om higher Icweis to lower. RaLii washes soil down 
hillsides and delivers it to rivers^ and these ultimately take it to tht: 
sea. Rivers also carry away mudi materia) in soluti<.)nH Even ilie 
River Mole, one of tlm fjhalk ^treamiS of soiuhcrn England 

with Etn iiverage diiily fiow of about 70 million gallons (the River 
TbEime^i ha?, an average daily fiow of abouL 2^000 million gallons)^ 
carrie.s scawairl some sis tons of chalk in solution cadi day. 

Glaciers pick up vast Eunount? of rock waste in tiictr slovv progress 
from ice-fields. This is ti’anspoi tcd to lower and warmer level-s where 
the ice melts to fonri livnrHj and is (Jien carried to tJte sea by norTtial 
river action. Wind is a most potent transporting agentj both a_s 
regards the quantiLy of material it removes Emd distatme over which 
rhlt. ifj carried. Desert dust-storms prod do ampL: evidence of wind 
transporta Lion. 

Wind, glaciers^ rivers and iLm-off from rainfil) arc ?iOL o.ily 
carrying agent.s. Eek'-Ii Lfi an eroding agent cap;iblc of wc-uring away 






AND OU.RSELVI^S 

the I find surface boLh by direct action and by eijrplo-\=iTi^ the load ii 
carrie^^ as cuLfiiLg-lools. 

Kive?s are panic alarly efScicju both aH c^onvc ?ind as 

transporters of rodr waste, and their edicicricy Incrt’ases v^ipidly with 
a rise in velocity. The turbidity of T-ivt^r?^ in spate indicairs tlie vast 
looids they are capable of eaTTvin^ evtni in Hal counLry. Rivers 
contfta.ntly deepen t.beir upper rcn'^cbeSj and in mouiitainous or hilly 
eoiijitry \\ Binall stL’eairn with ^ tii.erp fall may erode a very iar^gcr 
g'orgfr; the slreant ^'OT-gcB of thcr Alpes Maritime s of the So nth of 
France ai-e uolii.blc o>i:amp]es. The g-reai power of a large volume of 
water when ruiiniTig down a valley wdth a .steep fall wvas strikingly 
shown in 135!^ by the River Lyii in Devonshire. During the disastrous 
floods of thai year ai: Lynmouth this stream transported boulders 
each weighing many ton£ (/se dso p. it3). 

As soon as stream velocity decrea^e.s carrying jiovvCJ' lessens nnd 
the licaviest fragments lue dropped. This unloading pi eces?? con- 
Linucs w^th. a progi’essiwly dimini siting sti’cam v<.:lo(;ii.y arM the roclt 
waste sorted into different gtadts. Sorting i.s resiumed as velocity 
again ri^cs, since the smallest fragments are tiicn picked up Ijl'.sl and 
are carried farther dowmstrcHam, Large spread:^ ofgraveL so valuable 
1.0 man in thh agv of conorctCj havo biiicn accumulaled along the 
valleys in many of oiiv rivers. As a result of various geological pro- 
ce.sEes that have occurred siib£;(;[pien;iy i:o dicir deposition, some of 
these gravels af: tlie pres<:nL Lime have a temporary high and di’y 
re ting-pi ace tens or even hundrL=jds of feet above the present valley 
door leveb but their uliimate destination is the sea. 

Glaciers also possess a great erosive and transporting power. 
Unlike the load of a riverj their burden is not selectively dropped. 
L.arge tr^iets of land are covered by an unsorted mlecture of 
boulders s;md and clay% known as ^boulder clayh Tln^ deposit ■was 
left bdiind when ice, -wdudh formerly covered much more laud than 
iL does Loday^ hct.T'Oated'^ thut is, gradually melted from ibi front 
bacitwardsj irt response to an aTneh'tiT-ati.ng clitnate- A relei^se On 
land ofwaiei^ from melting glaciers^ however^ obviously gives rise to 
riverSj and in many glaciated arr-:as tliere L a gradual lateral Lranf^L 
tion from imsoried boulder ciay into welLsoj'tod river deposits. In 
the nor them and easiei'n parifi of England, boulder clay is commonly 
s?oo ft, thick. 

'IhiF. or 'rim sea 

I'hc sea )ia^ a dual role. It is the recipient of all the maLerial 
ti'a.fLSj>orted fi’om the land which it sorts into die sovei'jil gi’ades of 
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■niud, siltj saiid^ tic. On being clepoaUed on the fff^a floor t]:Ley are 
l^uilt up into definite bt\h. It ifi also a most destructive eroding agmt, 
contirinoiijily at work, A single large w'ave hurled against a ciifF face 
may exeri profitnre of several thousand pouTids per square foot. 
Under this pressure, viator is injected into every crevict; and crack 
ill a oHflf facCp to conipref^fi the air contained in them. On release of 
]3resfiure the Ci:;'mpressed air more or less expli.>dcs, to loosen^ and 
then lo remove, block after block of even die hardest rock. Air 
compression may even he sufTicicnt to blow a liole up^^■ards dirough 
cry til TTiyny yards from the cliff edge. De:;truction is augmented 
liy bonldcrs and pebbles wliicli^ wiekted by tJ^c wavcf^, deliver 
hammer blow after lui.iriTncr blow against a cliilface. 

C'ifls of soft rock such as ciavK and ftands are easily undermined 
by sea action, and rockfalls and landslips are of ircf^ucnt occur i-cucch 
A lojig the coyH=:t=i of eastern and aouthem England, notably of York- 
shirCj Yoiiblk. the T^-h; of Sheppey, (near Selsoy and near 

Hastings)^ simd Hampsiiire (easE.v^-'ard of Clirif^tchurch). the loss of 
land by marine erosion may be several feet during a single decade. 


Penepi.ancs 

All land surfaces of dm globe are subject to denudation. Had no 
movenienL5ofthe earth's crust occurred subsequently to the formation 
of tlte first-formed land^ the original surfaces would have been lowered 
long ago to an almost level plain. Slopes On the ground! h nr face tJiat 
w'crc just Jiuffioient to allow rainfall to run olT. but of insufficient 
gradient to penmt mateiial to be transjxjrted, may pos:sibIy have 
survived. I'hc sea would have attacked coast!inesj planing olf the 
rocks of the foreshore into wave-cut platforms until such time as 
it w;ii left with no further erosive power, its eitergy having been 
abfjoibcd in travelling over them. It is even conceivable that all 
land ftui'fitoc.s woitld have disappeared ej^tirdy^ since die linai 
products of weathering might well have been removed by wdnd. 
'iliis Lheoredcal conception of an almost level surface i.s termed a 
"p^eplaim or V^ncplanch (J^ciuti nearly.) The land surfaces 

of the earth have nover undergone universal peTicrpInnaElon, but 
extensive tracts have approached diat 3tatc. 

I’l-TE su"n CESS too: of oiiOG^iAprnES 

Had not eaidh movemeutt^ intervened from time to time, complete 
pencplanatioii’tvould oonceivably ha^T occurred; and after ihatthcrcr 
^vould have been no geological history to concern us. But the cai'th^i 
crust is pei’manently in a state of movomctit, at one patt or another. 





OiiOLOGV AND OURSELVES 


Evid^nicc c^f 5imj}lt': voriical eleva-tion of land L’^dellively to level 
is civnmou ^irourid tlie coasts of Great Britain. At niimejroiiR places 
"raised beaelics^ consisting of t\q>]eal sea beach maierlal are to be 
seen up l.o loo ft. or inoj’i? above sfra levei. Biaclt Rock^ Brighton. 
Pordand Biil and Saiinton near Barnstaple are some of ihe place.s 
^vhere raised beacJics may be seen most clearly. In other districts 
the general ap^jearance of the kind surface high above sea level is 
that of a liorizontal plane. A siiiiace of diis kind some ^^jOo ft. above 
jica h:vei k pyrtieuIavJy ^veJl seen in Cornwall (Plate VIIlAh These 
level iiiurfacea are lormer sea beds which have been rai-’ied h) their 
pj'csenl po.^itiorifi, 

Kvidence of ihe converse procea^i of depTcsdOTi tlmi. has catiierl 
drowning of previous land is also to be .icen at vi^uicjm? placn^rs around 
Britain. Trunks and s tools of forest trees that were submerged when 
scili growing, are visible at low i^pving tides off iiie coasi of Sussex 
near Bexhillj olf the coast of Liricolvi^ihirfr and biorfoih, off the 
Welsh coastj and at var’ious other hjcaUl.ie^i- 

Not all ebaiiges in laud li:vel relatively to sea levelj however^ 
uoceSi^arily iinply erus-tal movement. Some actual movement prob¬ 
ably results a.s one of l:ho effects of an ice age^ but land may av>pear 
Lo rise relatively to sea level dirougb die abstraction from the ica of 
vast quantiiies of water which become locked up in the ice org-aoier$^ 
to cause a general lowering of sea level. Conversely low-lying' IbrestR 
may be submerged on the return of water fVom. glaeici s following 
the advent of a warm chmate. 

Facts of this kind indicate that pcTiodically the disposition of 
laud, and ^ica arcais ewer the globe hns undergone great changes. The 
IbiCcf^ i:hat ^iroduoed tlumr have dch.^Utcd die ciforis of denudathm 
to produce a universal pcncpiaiie. There has been in fact a succession 
of geographies, ccch hearing litde or no resemblance to its pre¬ 
decessor. 'fhe major causes of tills succession are those which give 
rise to the elevaiion of new continenis from the sea. They tu-iginal:c; 
deeply beneath the earth's crust and can only be investigated by 
combming the results of direct geofogical observebou on die cru.st 
with hyptJthesej? coneemmg the earth's Interior; liypoQicscs whicli 
arc arrivi:d at largely through the seieiice of physics, pai'cicularly 
of that branch now knowu as geophysicfi. 

IsosT.^sv 

Among the contribudons which i.he science of geopJiysics has 
made to geology is the applicaiion of the princij^le of isosLasy. This 
jiirinciple is normally- explained by an analogy-^ pro^uded by a simple 
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exiDerinn^TTt witln pieces of’ wood, sho^ving the behaviour of several 
blccJ<:3 of different, heighLs as they float iti vi-atc^, A p;irt of each 
bh>clc he=i above the water^ and a part beJow-^ the prnpoi'tioTis being 
go veined by the height of ti:sLe block and the densicy of the wood; 
eaoli block i.sin liydi^ost.atLC balance. A Lallbh.ick vises highei^ above 
the water Itrvc^ and sinks Lo greater depth below tlian a short one 
(^Fig. ITj ^). Should a pordon from the top of one block be taken 
avr'ay part of the loss in .lieigJtL above watci' level would be com- 
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l=ig. ilj The prindplc of itottasy may be illustrated by blocks 
of wo(jd floating in water. Shotfld the part C be moved from A, 
part of ihe Joss in J:ieight Vifotild be oompensated by 

a rb^o ol' die submerged part. Conversely^ should G he added to Ih 
part of Lhc^ added l:ieight above iv'atcr level w^ould be lost by an 
increafie in the amount submerged. 

pencai-cd by a rise of the block in the water; the actual Ioh^ would be 
sliarcd between the submerged par1: a.nd the paid hi the air. fk>Ti- 
vcr^cly. if an addhion v^erc to be mide^, the gain in height aliove die 
water level vvonhl only be pail of the extra length, since the block 
would .^ink deeper into 1.he water. In its simplest form this illustratsmi 
ossuTues dtiit l:he blocks; are. made of the same kind ofvvood. Should 
dLlfcroiiL woods be used, a deme one i^ueh as ebony, or one of the 
iron woods, would be 5 uhmerg[;d Lo a greater depth relative to itii 
helgJit tb.an would a light-weight wood sucJi as deal^ and to a much 
greater depth than a. block of the extremely light-weighi; balsa wood 
used for the famous Kon-tiki raft. 
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In tli:: till blocks of If.^ht-wei^ht wood represenL 

tnountriin li^hL-weigh L l^Iocks of intermediate iengili ai'e 

thr hxvgr, plainH nTirf piiCeaux of tlie erirtli. The oceaii doors may be 
ropreKeiiLcd by block? wdhcli are eonnpOF^i.d of a heavy wood. T)ie 
analogy. Jhough valuable. brea);s down in two important partieubr?: 
(i) Wood blocks arc supported by water, whldi ih a nu-^diiim diffi-ii cnt 
from themselvesj "^vhereas thofse Lock niasscs oflhe earLh^? cru^r w'hioli 
are in isostatic bulanee paR?^ gradually iuLO material of similar 
OOTnposition, which possesses some degi'ce of plasticity possibly on 
a;x;rninl: of its high Lemperature at de]3i;h. (i^) Grusta) masses are 
not ^sepai:al:c uni is l.iiaL act indej^endently^ as do the blocks of wood, 
buL are joined Lo each other. 

Isostaiic balance in the ear til's crust is {.iojitinnally being altered 
by the processes of denudari.on. Tlie vein oval of a vast weight of 
material from a mountam range arid its r] r-:po?iiiioii on adjaooiil: land 
at a lon-cr level is tlie parallel of tho rein oval of ihe top layer of a 
■floating block of woodr Pai't of the Ior3 in heigh!: resuUing from 
denudnation is regained by iso^iadc cluvaiion; and the rise in height 
of the recciwTig area i.s pariiy discounled by iso^tatic dcj^ression. 
Siidi mnvcinen i:Rj ahhough slow, are in themselves quice sufficient to 
produce tlefliuiej though relatively local, geographical changes. 
The greal: stresses and strains in the rocles which ^n-e set np give rlsc 
to many folds and faults, pitrticularly in the transition /one he (ween 
the part being raised and the part being depressed. 

The raised beache? and submerged foiests around the coastlines 
c.^r Groat Britain arc to su::ne exteiil (^xpi-eRRJon of l 30 f;tatic move- 
jnent^ rcl?itcd to die (h'cat lee Age. 'The. greal l.iiickness of ice which 
lineLirnuhatod ovei^ the iiorLhcm hemisphere is thought to have so 
iiiareasetl Lhe load on the crust that isostatic depression occurred- 

the ICO melted the load was removed. Even today isostatie 
equilibrium has not been reacited aitd parts of northern Europe 
are &till slowly rising. 

IsosLasy ts a Lhcory. Yet so strong is me evidence jirovidr.'il by the 
correlaiion of obseived geological facts with data pi'ovid[-:d I'ly goo- 
ph\=^ics that the theory may be rcgaj'dcd as a fact. 


Guosy^^ulimes 

Isostasy can induce only vertical movenicuvR. 'Tliogo may cause 
imporifmt changes in geography mound an existing land mass^ but 
they eannot give rise to new oonhneniR nor tr> new oceans. Yet 
geulogieal observations made frotn many angle? lead Inevdtabiy to 
the r.oij.OLUsian that Uicro have: been peflods of great dis-iurbance 
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witliin t’ho earth which have h\ [hot produced vase new landi and new 
seaSr Sonic other factor tfian iKO^jtasyj therefore, must be looked for. 
rfoc only are 1 :he .^uTninitR of many of Liic Isighcfst mouinains of the 
earth composed of rocksi of niarioe origin buL many mountain ranges 
are buh t of thousands of feel oP tie posits which can only Iiave accuniLi- 
la ted ni shallow water. An accuintilaLicm of thousands of feet of 
shallow^-water depowds dcmiinds an expiajsauon, for it couM not 
occur WLtlioQL some cotiLrolKrig mc<.:]mnism widtiii the cni di to 
permit it, A tmer that was covered by shadow w'ater ^vould be filled 
up afrnr the ncenniuhnioii of but a few liiiiidred feet of detritus, and a 
Rea dial wa^ sulliclently deep to permii the devEdopiuent of many 
thousands of feer of beds would obvitmsly contaiit deep-water^ not 
shallow-water, deposits. 

A combi njj.UoAi ofgcoltjgie.itland physical data provides an explana¬ 
tion of tills iiiiinediate probhnn, in the form of a geological strucLnre 
known as a ^geosynclinek It seeinii that periodically hi geological 
Lime, a long narrow stretch of th.e earth's crust, many 3 iiJiidredE> of 
miles loTig, begins to sag and stooncr oj: later it is occupied by the sea. 
LSedimentailOTi on if;* flofir m-orc or h’ss keeps pace with the rate of 
sagging. The actual sea /lor>r Lherefore remains permanently at 
sliallow tliough fluctuating deptiij but ultimately the origiual floor 
lies many thousands of feet belotv sea level. A vast accumuliition of 
shallQ’vr-watc]’ delrltal material is thus gradually built up. slowly to 
bec<Unc coinpaeted into sediintmtary strata. 

As sagging proceedsj .strain.^ and stresses art: ^et up in the strata 
which compose the sides of a geo^ynchne. Molten material, often 
derived from tlic sima^ may break out from fractures and displace¬ 
ments thi^t occur at wcii.k placc.s, to form volcanoes which emit 
lava and asbet^, or to be injected into the su atia fsF thi: .^idi: wall^^J as 
it wcTTj of the geosy-TiclifjC. 

d'here comes a time in tlie develojoment of the geosyncUne when 
crustal masses on either side appear to exert tremendous more less 
sideways pressures on the deep-seated sedirnents, which are tjqm:ezed 
both upwards to form mouneain rangeand dowuuvards, displacing 
some of i.lio Linder lying material^ to form mountain hootsk Tiie 
presHLj^rc and heat gL:nerated give rise to both chcubcnvl y.ud pliysical 
changes in many of the original sediments, to produce metamorphic 
rocks {see p. 44). This onneeption is illustrated in fig. II, An 
immense anticlinal fold is shown in Plate I. 

The sxji.ets of covuitry on each side of a rising gcosynelinai 
moiinlam range are known as Torelandi' and can no I be iiisnlated 
A'om tiie eJiec^s of the great pressure^? involvt^d. Strata of the rising 






2. l>C:rnyJ9FdjQIl Tb.C. r-RL' 

KcditnrntR a[rik vAih Lhc iioor. Othr^ 
y™]]fir rlepOyiLa arc hiv] ilown oq t^Lcm. 


!. Dcprusiion rjc^LfL\ O’/er an ■ilom- 
piatEc] Hirtii i>r thf SfiaJlcw- 

SRri::ncnL5 ^in-jda, sUcSr aands 
an;:. lijTjCstnnc) a-LiiimuLijnt. 


Ifnfiy [hoiifanc^y of i^cE 
Crf thnlluVr -WLltCr^ tlcp<Ml 

:.inc iiliim&iely Inn^^cil. 



i. Tbc Jii:^ missds of the 'ahicld* arca^ 
On both MLtlcs of tht p^Otynclinc move 
otJjeir. Th(^ ^eoyyticLiiia] 
£C(J hnf?Ltts bi^lwc^iL thtTVi aic fo^coi up- 
ivaida to hctOrac mountaii] chazEis^ and 
tldfrVrtWLTid;^ to hf^comc mduELt^i:n 'rOOtt'. 



Gpoiynolma] itratn are 
Jngfhly c^mnrt^ and am; 
idreed over each other 
aLofi^ ViiEt 'a]]cl::t^ ylanca". 
folding and httiUim^ tn^ty 
}i fleet the JO^itland a! rata 
Injr.drcda of unJjcs from t^,e 
main diEt'-iL bangle. 



6. Structure of part of tbiC Alps, Luit-jw.) 

Fi^^. II^ 3.—in t-he de\--e]optnft![i.t of fi geoj-yncline^ and ix^ tran¬ 
sition iiitD ;i moutitain-farKg'fc tiifough htieictl presjsurea of cor)verging 
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g[’<h&ynclinal area also spread side way often to bo thrust over 
each otlirr^ and over the foreland areas. Sti^ata may bo cockled up 
in ifirge folds over tracts stretching for sevei^al hundreds of miles 
from tl ic cen Lro of uplift. The Pyren ces^ the Alps^ tlic 
HiiTLalayas, the Roddes and tlie Andes aio t\^jical niouutain 
rising from geosyndines. In the noriliern foreland of the Alps 
(Fl^. TIj 3). folds were produced in SLirata as far away as Southern 
EnglarifL Ihc eifects of the: Alpine pressure nurc to be seen particularly 
welt in the clifS of the Isle of Wi^htj whore at Alum Bay tlie strata^ 
originally lioj’izontalj are today almost verticai. Other areas alcmg 
tire Dorset cLoasst inland in Willi^hivc and Doj’set and along tire 
Hog's Back of Ss-iriey ei^liibiL comparable fo 3 ds. South Wales is in the 
highly disturbed northern foreland of an earlhir geo synclinal 
mountain j'ange which has largely disappeared. Highly contorted 
strata at Boscaf^tlOj Coruwaiij arc illustrated in Plate Ha, 

Gcosynclines are ihus part of the mechanism which acts within 
the earth to produce new lands to replace worn-down continent^^. 
Many of the mtJuntain;? I.O which gcofiyndiuc^j r>r the past have ghrm 
rise arc now woiTi down to smmps. while at itic present lime one 
is gradually deepening in the neighbourhood of Java and Sumaira. 

The presence of geosynehnes in the earth's crusty hie the principle 
of isostasy^ is to be accepted as fact. Various hypothe^^es couccrnijvg 
the causes dial inidatc them have been madc^ all based on geo- 
pliysical deductions. Some of these may be very near to actuality ^ 
but it still remains true that the mcchanistn by which they arise is in 
point of litct really unknown. 

Wietber gcosyncUnes are liable to develop in any pari of the 
earth's crusL or whether their formation is restricted to limited areas 
is uiicerrain. There is no doiibt that some parts of the eai’tli's 
geologicaly termed Mueldii"^ have been staljle urcaH since early 
geological Times. I’he Baltic arca^ EasLeni Ca-nada^ a great part of 
India and die southern part of Africa are n ns Lances of geological 
shields. Recent work on the r ocks of the Rhodesian and Tangan¬ 
yikan shicM have led to the concluftfon that thest’ are f^ome of the 
oldcst-Jttxown rocks ol'the earth^s Many t:?f the rocks of great 

tracts of some of die slticlds however have been extensively meta¬ 
morphosed apparently by great pressures^ which points to movement 
at some early period or peilods even in tlte shield arca^. 

A modem view is that just a* shields appeju' to have-been moj’e 
or less permanent leatiires^ so have the very great ocean depths. This 
view is based largely on geophysical data but it is expected that in 
the near future a certain amount of direct obscrvai.ion will be 
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possible^ sinfrR inodcm tfclmiques in sampling tlie sea. bed will 
enable fipccimenst of ^ven U^ie hardest rocks to be obtained from the 
beds i}i' the deep oceans. On the theory of isostasy^ these should 
l::ie dense rocks, of kinds to be associated wdth the siman 

If Lhis idea be correct the earth's crust would seem to be divisible 
into (i) stable shield land areas; (q) i^table sea depths; (3) inter¬ 
mediate areas betw^een them which aT'c subject to gcos>Tie]inal 
movemenun. Such a.disUibuUon of areas would rellect some unknown 
corfcdiborjs deep wfddu Lho c^irLh. 




CHApTfilR lU 


On Minsmls, Rocks and Fossils 


W HATEVER may be the miernal airucture of the earUij there 
is Httle doubt that its crust developed initially by sohdificatioii 
on ouoling of molten hL imi-liquid matter, Xor is there any doubt 
that inaLLer In a semi-Iiqnid state exists today beneath cho rocks of 
the sima (p. 21). Matter in this form is known as ^magma’ ’ a word 
ill common use in the seventeenth century to signify any pasty 
mixturej and still so nf?cd today iii sorne industrial proccSiO??, It hns 
been most approprialely borrowed as a scientific name for what in 
efiect is a natural viscous mixture of different chemical substances. 


MINERALOGY 

Common cojiRtituents of magrnas are silica^ aJuminaj potash^ 
SodUj UmCi magne^iia and iroie In addition^ numerous rarer consdtu- 
ents are present. The inaLerials of all rocks, of w^liatever kind, have 
beeji derived in the ultimate from a naagmy, although these may 
have undergone various change.s to rca.ch their pteaent form. They 
are collcctivcfy known as "minerals'. 

But tlio word hiiineial^ is difficult of precise definition. The 
earliest atid simplest association of the ’word is widt a minr:; it -was 
something that was mined, and it h still not iinconimon for the 
wwd "mine^ to be used for the stratum of minerals worked as tvell 
as for the shaft or tunneUike excavation made to get them. In 
everyday anti commercial usages today minerals may be jsaid 
to compri-^e all substances that can be got from underneath die 
surface of the earth for the purpose of profit^ and which therefore 
have a value wlrcn transported from^ and one independent of, the 

33 ^ 
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ground in. whicli ilicy occur. Minerals are tih.en hdd to ijiclude sand^ 
wmd&tonc, and lime=ii_one dug from qu^^rries, brine and salt, oil, 
g)--p3unij gravelj and numerous othcx rnatcrials in addition to 
generally accepted substances Tike coal and metallic orc^s In tins 
sense it is an economic, not a scientific, term ore^ p. 195), 

In legal circlets, there is dii^signcdly no hard and fast dcfmition 
of a roinerab Tlic position f^Lill depends upon the follmvdng authori¬ 
tative opinjon given by the late Lord Halsbury: '"I cannot help 
tliinkiiig that the iruc tftKL of what are Trunes and minerals in a grant 
... is a qnesLion of what ihese words mean in the vernacular of the 
mining worlds the commercial world and land-owners at the tituc 
when they were used in the instrumcni.'" The implication obviously 
is that the definition 'of inineraV iiceds to be considered afrci^h for 
every legal case in which the word is used. 

For ^^cicntific purpose??! u. mineral is bear defined as any natural 
inorganic homogemeous substaTiCC of definite chemical composition^ 
and it is in i;his sca^e iliat It is u^ed in the present section. Even 
within the confines of Lids book, however, the more general meaning 
is conveniently applied in ceilain later chapters^ 

The earth's crust conLains many hundreds of Itinds of ndnei^als 
which may be separared into two broad groups. The hrsL contains a 
very few ^rock-forming' minerals yet those collecLively make up 
Home 99 per cent oftlie cruHtal rockSn I'ho second group is numbered 
in hundreds and its membora vary froni Llie relatively common to 
Lhe estrejnely rare. Among LheAe come the gemstones, of w'bieh the 
value is in Inverse l al.io to abundance^ and other minci^ah of Immctkie 
importance in indmtryH 

For many centuries much lias been known about ter tain aspects 
of minci’alogy but k was the more valued. Tninerah^ notably gem¬ 
stones and the semi-precious stones^ tliat attrjicted attenLion. Werner^ 
at the cjtd of the eighteenth century [pn i 6)5 Happenrs Lo have been the 
firsL to give systematie attentiem \o miner alfi as a whole. He made 
mcuculoiiyly ciireful descriptions of a greal: many and carried out or 
inspired many cheuilcal analyses. Such was the state of laboratory 
apparatus in liis day^ however, that only specimens wdiich were; of 
sufficieni: size to be seen either by the naked eye or mined 
through a low-powdered lens could then be examined and described. 
Werner's system has long been superseded, but tliiraugh his work the 
science of mineralogy Jirosc contcTrLpoi aneoosiy wiilij or perhaps 
even a Uttic earlier than.^ formal geology itself. 

During iLS progres,^ siiicc Werner's time mineralogy baa still 
remakied an ej^sential part of fundamental geological study^ Hince 
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minerals are the elcrnciite of rock structure. It b34 diverged 
from geolcg^^ aud one of its major concerns today lies in the chemical 
and physical properties exhibiiod by eadi individual substance. 
Mineralogy today demands tlie use of a weli-equippcd laboratory 
with complex optical instrumciat& such as the &pechi»graph and 
X-ray apparatus, and comprehensive chemical equipment. In its 
advanced form it is more allied to physics and chemistry than to 
pure geology. 


PEIROLOGY 

In the same way dial die word ^miiteraf has more than one 
^ignificantiCj KO has the word hock^ In common parlance it implies 
hardness and cohc:jion; TnembcTB of certain l:cchnicaL prolbssions 
regard ail rocks as being either 'hard\ or hiard' modified by a collo¬ 
quial adverb! In a geological sense, howevei’, a rock is any natural 
agglomeratiOTi of min oral particles. A rock may be composed of 
almost iiifinil;ely minute partidc.s, or of large boulders; or of materials 
of any and every intermediate grade; it may include one kind of 
niTueral only, or a mixture; it may l^e very Iiard or very $oft; and it 
may bo cohcsivo Or quite uncon^olidated+ 

Compai'ed with $omc other sec lions of geology ^ petrology and 
petrography^ wliich cover the study and scientific desoriptioit of the 
structure and nature of rocks, got off to ii. slow Starts as it were. This 
partly the result of a survival of wrong ideas thar granites had 
been deposil.ed in water (si^e p. r6) when, in fact, the>=' Jiad solidified 
from a molten state; and partly because the wbercndthal for the 
study of rock^ q%td rocks was not dcvclopi^d uniil afier palaeon¬ 
tology had got woll luto hf? stride. HuLtoig" about lypo, had not only 
discovered that rocks such as may be seen at Durfmoor. at ^Shap in 
Cumberland or at Peteihead in Scotland, have been derived by 
solidhication from the molten state to form great ^bosses' in the 
cartb's crust, but lie had also observed that molten matter had in 
many instances hoon forced inio cracks of l3eddmg“planc3 or joints of 
other siraia^ there to cool and to form thiu sJieets of solid rock. 
Sheets of igneous material such as tho&Cj that lie along bed ding- 
planer of the containing rc^ckg^ are known as ^sills'p and those that 
occupy cxackij orjolnts^ a^ "dykesk Huiton was the first to recognize 
thor true naLurc. 

In the early days of geolDg>=' the natm^c and origin ofscdimotitary 
rocks had been noted^ and many were in truth recognized as being 
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composed of aji infinity- of of Ha.Tid would be laid down 

in water, l:ut ih.^^ inspired no furlfier ivitctrosl:. For a-t least half a 
century after Hutton's deadi neither igjieouF^ nor sedimentary rocks^ 
as offered attraotions for sLudy at all comparable witli those 

presented by fossils. 

The EikTH of petplology 

Petrology was born in Scotland, Somewhere about 1^25, a 
lecturer at Edinl^urgh Univeraity, Willia.m Nieol, who invented the 
apparatus knowni Nicol's prism wliicb 1$ now an iiotegral part of 
almost every inieroscope used in petrolOgV: evolved a process for 
examining vet y thin slices oJ'roek; actually in tlio lir.tt instance of 
fossil vnoo{b Hbt method was to grind Lhe face of a piece of fosj^il 
wood until iL was perfectly liai^ then polish it and cement it to glass 
by the resin Canada balsam. The exj^osed surface was ti’eaied in the 
same way until all than remained fixed to the glass was an extremely 
tMnp);3.te of rock which w^as almost transparent. He was then ab]e to 
examine this thin slice undei’ a microscope. 

The importance of Xicol's method of m^ikirig these thin slices for- 
mici'osnope work was not appreciated in getdogic^il circles for ms.ny 
years. About and aftc]’ NJeoP^ deaths liif; rock ;tlice 3 together 

with ojlicrs were examined by a very pcrccpiivc geologist^ H. C. 
Sorby^ who saw how valuable they Ci:)uld be. He liimself made slices 
of Scottish rocks. UU.itnatcIy he made this branch of NicoPs work 
generally known. iN'icoPs method of preparing thin rock slices for 
examination under the microscope is now in w^orld-vdde use in 
petrological investigations, and Ins painstaking and slow way of 
making them by hand has been largely replaced by rapid work done 
by specially constructed machines. 

Igneous vr's:roj.ooy 

A wed-known cooltery book co]>tains in hf? instructions for cake^ 
making detaih of four distinct basic mixtures of ingredients. Each 
of these ifs treated in a number of diffc;rent ways, i.o produce from 
these four foundaliou mixes a laige variety of cakes and pastries. 

This analogy is applicable to the natural production of igneous 
rocks, Sevei’al variacions in type of magma occui- witliin the earthy 
each of w^hidh cools and sohdifies under a variety of conditions. The 
combination of variation in magma composition and variation in 
solidifying conditions produces many diffei’ent kinds of igneous rock* 

The constituents of a magma form va]:iou5 mincrsals m cooling 
proceed-^j and these gradually crystallize out in successive order, ko 
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that at ono stage in cooling there may be solid crystals of one 
jnn:LcraI Hoatiiig about in a still molLcvj- miss. As regards crystal 
Kise^ alow cooling favDiira tltc growth of large cryalals^ whereas rapid 
cooling causes small ones. Extremely rapid cooling may inlnbit 
cT-ystal growth altogether, in which case dit: cxjolcd niagma forma a 
natLiral glaaa-liko rock. The word "cryatar is naed advlaedly, but few 
minerala that are consliLuenta of Em igneous rock have an outside 
shape commonly associated whh the word. The natural outside 
shape of a cry.'^tal is a reflex of internal molecular structure and 
every crystalline niiiteral poasesacs its own characLeriaLie molecular 
arrangement. A perfect ouLaidc shape can only be attained in nature 
wlien crystal growuh is um’estricted Vjv external conditions- The 
fir.St'formed iiiiTiei'a.ls that cryK^tallize out from a magma are ohen 
well-shapedj huL allj and paiiicularly tlic Kter one^: liave to aecom- 
modate themselves to such space as oihers may leave them. But 
their interna.l structure invariably obeys crystallographic rules. 
Detciunination of tliia iiucmal pitructurc: under the inicvosoope is 
one method by wliich minerals are identified. 

Tuii ¥LAOlt 01- SILIUA 

Silica is by far tho commonest magmatic co]istitucnt and h a key 
substance in the process of crystallization. Mo^t other substiitices in 
die magma^ except those rarer ones forming Liie accessory minerals.^ 
shoiv an affinity for it. Silica may be present in any proportion front 
about 30 per cent to Ro per ccjit. 

If t.o use a modern silica h in ^.hfji't supply^ it is not shared 

ort an ogalilarlan ration. Apart from die accessory minerals the first 
minerals Lo crystaJlize out from a magma arc compounds of iron, 
magnesia and silica^ to produce a Tei’TOTu^gncsian' gsroup- d'Jiis 
includes olivincj one form of wliicli is the gemstone peridoi (sse 
p. 40) and numerous other minerals, one of whichj mica, is of great 
value in electrical work. If only a low percentage lof silica is present 
iron and magnesia together absorb the whole of it, and should non 
be in great prejooncierance tlie finn.l prodiicl of cooling may include 
iron ores. Some of the most Ijnporimxt ii^on-ore reserves of the world 
have arisen m thi;^ way. 

Wil:h a higher percentage ofsiiica—say about 50 per cent—and a 
lesser proportton of iron and ]Ttagneyia, suoli ferromagnesian 
minerals as the composition of the warrants are first formed, 

then soda, lirnc, potasli aird ah.miina combine to take their quota of 
silica to form a group of '^felspathoids^ and Telsparyh The word 
'spar" is an old tOfm certainly dating from the «:xf.eenili century to 
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describe various common o^yatals wblcli glisten, Ii is related Lo ilie 
word "impark'. Tel' or Tcld" is a. corruption of field; "feldspar^ is an 
altcrjTiUrtive rendej'mg which h sdll preferred by ^ome geologists. The 
large pink crystals often several inches longj isO notable in ^he granite 
of P^neri^ead and similar white crystals of the ]Dartmoor granite, are 
all type^ of felspar. Telspathoid' has been coined from felsj^ar to 
demote minerals that are almoat felsparas it weroj but dox. quite, 
owing to a cioliciency of sihea. 

Finally a magma may contain a high percentage of silica. In 
that case feironiagne^ian mineralsj small in proportion Lo the wholoj 
are first satisfied as regards them requirement';, the felspars dieti are 
sijniLnrly accommodatedj and what silica is left over cr>=^tallises as 
colourless quarts^ which is so extremely stable and hard as to be 
almost indestructible. 

.Four, main jwpj-.ti or y.AG-MA 

For purposes of s\^tematle arrangement^ magmas have been 
separated into four claases^ according to the ratio of the amount of 
Silica to other i^nhstanccs present. Those witli a great deficiency of 
silica arc classed as 'ultrab-isic'; they are progressively succeeded by 
* basic’j 'intermediate^ and ^acid' classes: die la.st-n.ain(.'d containing 
sufficient Ulica to pcrniit the presence of free quart? in rockpi ihat 
cryaiallize from it. 

Theek gonxutions or coolenGt 

Magmas may solidify slowly at great depth bfilow the ground 
surface and in large masses, and those rocks formed under these 
decjj-iicated conditions are distinguished as ^pluionic’ (from 
tli'Lxk god of tlie Underworld). Since slow cooling favours the growth 
<ir large crystals, rocks formed at depth by the solidificadon ol’ an 
nozd magma contain laj"ge crystals of quartz, fdspnr^s ^nd fbiro- 
magnesian miucrals. These arc granites. An ultrabaslc magma, on 
die other hand, which solidifies uTiqler dinilar conditions^ yields a 
pefidotite hebiv). 

Magmas intruded into strata at sliahow depths below- the ground 
surface as dykes and sills yiekl T^-pabyssaF rocks^ and the relatively 
rapid cooling they undergo ]3i o duces the growth of myriads of small 
crystals. Hypabyssal rocks are accordingly of much finer grain than 
are plutonic rocks. But sometimes crystallisation began in a plutonic 
magma, of which part lias subsequently been intruded as a hypa- 
b^^^sal magma^ and has carried witJi Jt in suspension such crystals as 
had already formed at plutonic depth. In consequence miiny 
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liypabyasal rocks iionta-in large cj’ystals in a ground-mass of minute 
ones, or even of a natiiral glass* These rocks are ^porphyrie.^\ 

Volcanic rocks result from magmas that, reach tlic ground surface 
before ihey solidify into lava. Cooling may be so rapid that crystal 
growth is inhibited completely, so that some lavas are composed of 
nattural glass. 

CLASSIFICAXrON OF IGNEOU& ROCKS 

Some system of cla.ssiHuation of igneous rocks is essential both for 
scientific and for economic purposes. The classificatiori that ha?? world¬ 
wide acecptancCjis based onaframe^vorkthatinclndes the four ^mixes' 
of mineral substances and the three distinct conditions of cooling out¬ 
lined above. In nature there is^ of course^ every gradati[)ii from die 
dccpcst-sea.tcdj slowest-cooling, uUrabask plutonic rock to the most 
rapidly eoolcd acid lava. This simple 4x3 conceptioi], however^ 
has been found Lo be someu-hat ovcr-sinipli/ied even for purposics of 
general classificationj and the original grouping of the intermediate 
rocks has been enlarged^ since there was too much variation betsveen 
the acid end and tlic baidc end. 

'i'he framework table of classification 13 follows: 
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At first siglit the above names may appear to be somewhat for¬ 
midable. Yet they have an intercut all qjf their own. and they are 
bound up with the grfjdual growth of petrological science. Some 
have boon acqumL:d from old everyday descriptive names. "Granite' 
is 'graiii-ite"; fhat is^ a rock consisting of visible crystals or 'gminfi". 
In geological literature the wwd 'granite' cairies no special sugges¬ 
tion of hardness, such as is commonly given it in non-scientific 
writingj a granite is hard; but so are many other rocks. "Poi^ltyry" 
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is of Greek origin^ with oi]gLri^:iI significance of purple colorutian. 
It hr.st leferred to a rof.k couiposed of large while or pink felspar 
Crys^tiiJfS&et in a fine-gi’ained reddish ground-maaa, wldel i was quarried 
in Egypt long before iho CJirii^iian eia. The aignificance of the term, 
however, has been tr^jn^^ferred from one of coloar to one which 
indicates the ciiaraetorjstic foarure of large crystals wdlMn a fine¬ 
grained ground j quite irrespective of colour. 

^Gabbro" k an old Italian sculptor's name for an easily worked 
rock; but ihc geologist's "gabbro' does not seem to be quite the 
aa was the sculptor's; unfortunately it is not possible lo clarify^ this 
matte]’ further. The name 'basak'^ in the Latin form, goes back to 
the da.^=^ of Pliny; but again Pliny's basi^It ’W'as probably not entirely 
the same type of rock aa basalt understood today. For a great 
many years now the presence of coluninav mas?j<:a, so characteristic of 
the Giant's Cause’way in Xorihern Ireland^ lia;^ been regarded aa an 
essentia! featui.e of a basalt. "Lava' obviously h.(u% an iniphcatiou 
of washing. Before its adoption by gcologkt^ <he word origin ally 
meant a sir cam-gutter winch Jicavy rainfall rapidly washed out 
of aofi rocks, ^uch as unconsolidated dcpoaits of volcanic a?.hcs. 
Its first applie.atiou lo a stream of molten matter was at Vesuvius; 
it now appHofl botJx to exirudod moken magmaj ami Lo the rocks 
that re?uli from ils solidification. Teridoiite' comes from ^peridoth 
a Middle Lnglisti name probably wiili oriental a'-sociafion for 
the gemgtonej no’^^- more commonly known as olivine (alihough 
peridot is .sllll used) on accomil of its uaual olive-green colour; a 
peridotite containi^ many minuLe ciy^stals of olivine. ^Quartz- 
porpl tyTv^ and 'pei’idotite-porphyry' become aelf-expianaiory. 

'Rhyolite'j 'trachyte^j klioriLe' and'dolerite' are early nineteenth- 
f:entijt y dcacj’iptive names given by French geologkts and are asso¬ 
ciated witJn idle early da’v^ of petrology. They were iinvented for 
rocks br whioh no distinguishing rjune had Idtbcrtti cxi^^ted, and 
represent an eri.vly attempi at systematic cb-i.^sifiealifin. They 
are all of Gretk derivation, and are perhaps eharacterisiic of a 
period svhen every person oF eduesiiion was convoraanL widi ihe 
Iiunianiciea. 

It has been remsu’ked above iha.t hi Ilea crystalliacs at a lower 
temperature than do odicr magmaLtc f^nbatances. JL follows ihat a 
coolirg magma th^i.L conlains much silica relains its viscosit^-^ and 
consequently a potcndal to How afier exirusionj longer than does a 
more b^aic one. Solidified acid lavasj therefore^ tend to exhibit 
inti’nud structures which shoiv Ilo’'v lines lo a greaier extent than do 
baf:ic lavas^ and to be glassy. I'hese acid lavas ’vvere tlierefore named 
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"rhyolilifts". from -to and —a stone. Many inter¬ 

media Le acid lavas contain much glassy material, but also many 
minute cr^^tals. They are in consequence rongJi to the touch - thoir 
grouj) name of "trachyte' from trakku^^mugh^ refers to this rough¬ 
ness of FeeL At the titne when tliesc ■Qainr:^ were first applied it wi^s 
mjostdifficulcjifnot iinpossiblo^ to determine the constituent materials 
of some very fine-grained intermediate basic rock types. They were 
called 'dolcritc.s' from dol^os- —deceptive^ an agreeable way of con¬ 
fessing ignorance* "Dioritc". mean^ nothing more tlian a rock type 
that has been clearly separated off from anotlicr- The name comes 
from di\[h)oTizo —sej^aradoiij and it Las the iiainc root as 'horizon"^ 
which is a plane of separation. A dioriu- ia actually a rock that is 
rather less than a granite. 

55ome rock-type names are derived simply by adding ^-ite^ to a 
place name. Two examples of this occur in Lhe above general l:able 
—"Andcs-ite" and 'Syen-itc', the latter from Syenc [tiow Assouan) 
Egypt. Tn tlic later ycar.s of petrology tltis mctlit^d ol naming new 
rock Lype^ becanit; a general praodee, now well established; unfor¬ 
tunately so perhaps, because these names give no idea oF the com¬ 
position or texture of the rock. 

In view of the almost infinite variations in composition and 
textuTc possible between rliyelites and pcriflotiteSj the number of 
ign(’[jLLS rock Ilame^l today is legion. E?c.copt: to the speeialiat Igneous 
pc^.L'ographer, however^ tlie names given in the above table are 
adequate for practically all purp<>sO-S. 

Slir>[MCNT.ATLy PETROLOGY 

It is only in recent years that petrologistef have given dose 
f?iitOTition to the sedimentary rooks. The characteristics of chtyf^, siltsj 
sandstones, sands and Umestoncs had long seemed to be sell-evident, 
and in the nature of things they do not present the gi ral: aiid varied 
problems rhy.t igneous ixicks do. 

At one time, limestones were regarded as being composed of 
coimiiinuted fragments of shells; tlte explanation seemed to call for 
no fur [her investigation- The Chalk formation for example (jee 
p. 6S) whicfi has a thickness up to some i.Soo ft.j was for many 
year.s thought to ha.vc been built up of shell fragments. Later it was 
seen that thi^ cxplanadon involved some insuperable dTlficultics. It 
difRcult to reconcile marine condition.^ wliich on the one hand 
pr^jduocd completely pulverized shells and on the other allowed vast 
numbers of shells, nowibuud fossil, to remain whole and u nabr aided . 

Even under an ordmary microscope chalk was sccu Lo consist 
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IiiT-g;dy of a very fine powder plus many .sinalJ spherical bodioSn In 
fion^eq Lienee a new theory waa ativanced that the groiincl-ma^s of 
chalk and ihat of certam other hnn^tone;; was largely laid down by 
chemical precipitahOD in warm jioafi. The presence of shells presented 
no difficulty on thh cxplanadon, BuL^ as recorded bolow, even iliis 
theo]:y has now' bo[;n t^uperseded. 

Tine ca-rly deduction of formal geological science titat the wliole 
of the inorgaffic. material that comprises sedimentary rocks had been 
derived originally from igneous strata musl; be accepted jis an 
ef^Labhslied fact. For the most j^artj however^ all ihe crystalliTic 
materials (except quartz) of those igneous rocks wdneh constituted 
the surface layers of the original crust have been destroyerh The 
felspars^ for example^ have largely been broken down into clay¬ 
forming minerals' from them has been derived the large aluminium 
content of certain days. But quartz is seen to be practically inde¬ 
structible, and also to an almosT: similar degree are some of the 
aocc.^soty minerals. 

Through, long weathering and much sorting by wind and water^ 
mosl santlf^tojics of today arc coTnpo.^-id almost entirdy of qna.rtz. 
Judividua] gi'ains of a sand deposit may bCj and ofreu arc, coated 
wdih iron, wliicli gives sands aiid sandstones i-n the mass a red or 
brown appearance but l:he quaniity of ii'on present is vei'y 
small. Various surviving accessory minerals are very sporadically 
dispersed throughout the quartz. 

Clay minerals are so extremely line that even under the normal 
type of microscoj^e specially constructed for petrological study ihey 
show no identifiable substances. 

SnDTMF.MrARY PJZTROLOOY TODAY 

Tn recent years the i?ctrology and petrography of sediments 
have made a great advance on the rather obvious and elementary 
conclusions which cat 11 or had see need to satisfy enquiry. This is 
parily ihe result of a groat improvement in laboratory apparatus 
and partly of an economic sitimuiui^. Many Industrla.l procesjses 
require raw sedimenis of FiLanduid oomfiofiitioj]. i'rom which even 
minute departures^ in the iiatuL-e of ti^aces of oi.hcr minerals, :;urc 
obnoxious. A pure white quarizose sand whicli occurs in soutltcrn 
England recently investigated as a raw nial.erial for glass- 
nutking. Glass made from ii^ hovreveXj had a yellowdsh tinge. Petro¬ 
logic a) examination of the sand mowed that k contained extremely 
minute traces of an accessory mineral' but sufficient to destroy the 
value of the sand for first qualitj^ glass. 
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The pi'c?^(.rni>d£Ly pcirolo^y of aaiid^ and sandsiionc.^ take^ account 
of the acetEftory^ miner ah. Thh is purely laboratory work requiring 
murJi patience and skilful technique:. iL iiivolvCB the separadoii of tine 
accessory iidnerais From the mass of tlie quarL^i, olfen -ooi per cent 
of the ma^E or even nnd then their idenLification under the 
micj’oscopc as is doric 'vviLh Ignef.sns pet^ology^ Accessory mtntrals 
are i^oniedmes given a similar rdle to diat of ^one fossils (srfi p. 4EJ, 
For diey may provide indexes by which a sample of one sandstone 
may be distinguished froTn. another. This is important since in the 
nature of things many sandij and sandstones which at one bme con¬ 
tained shells have io 3 i: ail Lraee of them through their complete 
soiutioii and removal by percolating 

In very recent years anotlier advance in sedimeniary petrology 
has been possible thi ougb. the use of the electron microscope. It was 
as late uij 1953 that by its inoan:^ the compoEition of chalk was linaily 
dottTrrtincd+ Tlie finer malerial has now hcen shown to represent 
sporo-bodies of very primitive marine phmts witl-i algal aflinifics, 
drhe modern sj^ectrograph and X-ray apparatus have shown ciayss 
to have many and varied properties. Some of these had been 
previously found by cxpcrimeiiL; for instaTicO fuller'5^ earth has been 
used for many centuries on accouitt of its grease-absorbing proper¬ 
ties. Yet lire composilion of fLdler's eardi remained unknown until 
veiy recently; trial and error was the only means [:)f finding suitable 
material. Through the use of the above instruments, boih constitu¬ 
tion and physical properties of^foUer^g enactlf are now fully under- 
iitood. 

Some clays make suitable material foj’ pottery; others ibr brickis 
and the like; while others again, apparently chjsely similar, are not 
satisfactory. Much has now been learned as to ihe peirologieal 
differences hi apparently similar niaierials which lead to tlicso 
variations in behaviour in IndusLriaJ processes. 

Other comman sedimentary rock types include iron ores^ coals 
and cdiernioal deposits like gypsum and Hali.. Representative of less 
common types are coi^rolirc beds, and siliceous earths. The former 
coniain phosphate-rich nodules derived from auiynal remains of 
various kinds^ wliilo the latter are comi^oscd almost, entirely of 
skeletons of minute water plants (diatoms)* All of these provide 
economic minerah=? of one sort or aiiothcr, and many of them have 
been under pelroiogical investigation In rccem years in J'clation to 
their actual or potential industrial ix^es. 
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Ashy itocKH 

In the culture of ihin^^ ashes tliat are blo’^vn out of voloaiioea 
settle ou Lhe grouad surface or lq water in tlTe form of sediments. 
They ftjnnj therefore^ a small, group of .strata whiclij fliough of 
igneou^^ originj are moj’e conveniently considered as aedimeiits. In 
Llio cotLi'se of time tliey become conjsolidated, to become 
which, on account of the irregular and shax>cs of the consLiLuenL 

par tides j are usually porous h- The ni^iDio 'tuff' CyTrics y. suggestion of 
porosity. It comes fi:om Latin a loose porous rubble. (It is 
closely related to Uufa^ the n.ame normally applic{3 to a calcareous 
porous rod-, precipitated from lime-dch water.) Tuffs formed on 
land usually consist of volcanic af4ics only: (hose formed m wmtor 
generally contain a vaiying proportion of wrater-borjio sediments^ 
and often fossils. 

Petrology" of met^uiorphig frocRS 

Great geosynclinal and mountain-building movements and l:heir 
associated igneous activity generate great crustal press ures and high 
tempera Lures. The effects of tliese may be only locals or they may be 
felt over wide regions. Those rocks, whether they be igneous or sedi¬ 
mentary, which come under the Influence of either one or the other^ 
or more usually of both: ofeen changed both in mineralogical 

composition yud in structure. The degree of clninge^ that is^ of 
'metamorphUtnh depends partly on tbc degi’ces of temperature and 
pressurej and parity on tho cortiposidon of the ■iu:Laltcrcd rock. At 
one 0>ctrcine rocks nare inell:ed^ to cryf^tal.li^c iuto forIn^^ qTiito different 
from those of the original rock; ai. the O^her ^:^xtt■crl^^: coiistlLuejuLs are 
mei'ely reairanged wiihin tho rock, wit[:i 1111.1 e fir no cLemical 
ali:eration. Absence of chemical alLeratlon, however, may not 
necessarily imply a low degree of metamorpliism. A pure limestone 
that lias l^een melted re-crysl:aUizes into a pure marble, such as the 
white Carrara marble of Sicily, and a pure quartz sand or sandstone 
yields a white "quartaite'; in botli of these instances there is no change 
in the a.ctnal chcjnica.l composition. Impurities in metamorphosed 
limestOJic^y often give rise to new minej'al.s that. difRi.K-id through the 
stone, produce cokniry and pa.tterns jn lUnch vai'Tciy, m^iny of great 
beauty. 

The forml^vttdn of slates 

Clays and silts, under appropriate oondiUOus, react to preSf^ure 
and temperature by iindei'going a roarj-aTigonienl: of rheic particlcfi, 
so thal; die long axis of each is parallel -vvith all odicrs* and some 
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decree of cTiemical change. In this way slates giro foi’med. Thc.ir 
iissile character ii the direct result of this regular orit station of die 
particles, 

A fanher ^i:age in riictamorphism of clays and silts and ofmaDv 
tuffe produces "phyllites' wiiich split easily into glossy "IeaveB^ Many 
of the rocks to be seen in the cljffs of parts of SouLh Cornwall are 
pbybites. Yet a stage further in metamorphism and the original 
rooks become transformed inio schists [Lattn sckislos — fissile) h 
( yarnCL ajnong Lhe nf:w minerals that ai^e forrrsed w. schists, pro¬ 
vided of course tlial the original rock concained in Either mineral 
forms the requisite chemical substances necessary to iis composition. 
An impure 5>andston.e or otlier coarse-grained sediment becomes a 
"gneiss"j which i.^ somewhat hie a grauile^ but has a foliated or 
laniinatod sLructure, The jianio is of German origin, and of prt:- 
geoiogical age. Slal:e^ phyJlitc, sdiist and gneiss are four easily 
recognizable stages Imt (as is the case witli igiLCou^ rocks) they have 
no hard and fast clas^^ botnidaries. Eacli grades insensibly into the 
next. 


Mineral veins am5 metallic ores: kaojjn 

Meiamorphism also arises by tlte actloji of chemically active 
gases that are forced into crustal strata. Amongst the many clieniical 
eOJisthncnts oi' ma-gmas are Certain volatile substances. The pro¬ 
gressive scdidihcaLioii of the scvei's^ minerals eoneentrarcft tlicae into 
the last stagej often as highly active gases. These gases attack any 
sujTounding rocks and irroduce veins of minerals that include many 
metallic orcs^ and fluorspar, apatite.;, topaa, beryl and other minci’al^ 
in coj Lsidevablc variety, G^lsch may even attack a great inafts of rock. 
Tltis occurred in the case of a great granite boss in Cornwul) in 
\vhich a very high proportion of the felspars have been converted 
into kaolin, which today is dug and exported all over the world. In 
Great Britain metanrorplii^tn has been jjirfhyght ^ibout by mineraliz¬ 
ing g^iT-cs in Cornwall tin; Mend ip Hitls^ Wales, the Pcmiine.Sj 
Cumber]and, and pai Lfi of Scotland. 

Because the cinistal rocks of Great Bi’itain have not lain direedy 
along a major mountain^building axis since very early in geological 
history^ however, mctajnorj.ihic rocks arc largely confined to the 
very anciejit str'ata of the countty which crop out in Cornwall^ 
Wales, the Tiakc District, and Scotianck Local metamorphism m 
less old j^trataj associated with Tgneous activity^ is OccaBionally 
present. 

Many rocks and minerals ihac we prize today, some for. use in 
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industry, ^cymc. uia ornamental bnddmg E^to^c?iJ and others a? gctn- 
stoncSj arc derived firoin mcUniorpliH': rocks. 


PALAEO^-^■OLOGY 

The study ni'' fosslh is an integral part of geology. It is also a. 
science iu itself The word 'fossiP. derived from Latin—to dig. 
was ccj-tainly in use in the sixteenth centuj’y^ when ii referred to any 
curious small object that chanced to bo dug up from the ground. As 
has- been the case with the name 'gcologyh it later become 
restricted in meaning, and it now h'^eludes only remains of plants or 
animals of pa^t geological ages wdiich are embedded in the strata of 
the earth; but oven iiO, its f^ignilicance k wide. 

Tati NATURE OT FOS.SELS 

Mo.st fossils represent the harder parts of organisms, sitice except 
in very exceptional circumstances softer parts decay too rapidly after 
death to be preser^^ed. A fossil rarely represents a complete animal, or 
plane; It may even be bur a fragment of an organism. Its dimensions 
may extend into feet, a;^ in tbe cysc of skeletons of maTumoth or of 
dinosaur reptiles^ or they may be of microscopic order. Many 
'mioi’o-ibsdU'are almost in visible to die naked eye. A fossil may be 
but a iriotdd; an impression formed in the niaierial in which the 
original orgam?dm or fragment was embedded; and may be either 
at] inierior or an exterior. Moulds of shells are particularly 
common. In some strata indeed shell-moulds are far more common 
than shells, the original shelly material having been almost wholly 
removed^ usu^dly by percolating water. An example of thiji U a rock 
bed which o\T;TlicB the well-kjiowu Poitland building stone at Poi L- 
laudj Dorset KSwmo in ihis bed k known as roach ( — roche). It is 
crowded with moulds of a lamelllhranch shell and the space orig¬ 
inally occupied by the shells is now shown by voids. These Portland- 
fos.dls are known locallv as "hor.ses’ heads’ from a fancied resemblance 

H 

in shape. 

A fossil may be but a 'east', which i^ a consolidated inlillmg of 
mud or other ]uateria) taking the place of the original matcriah 

In fossik of any type it k raix for original const!tueni material to 
be presentj although the form of the organism may be. peifeotly 
retained even ^.o the minutest detail that may be seen under a mierth- 
scope. During a IbRsihs long sojourn in the earth’s crusty molecular 
replacement of the natural body^niaterial by mineral matter usually 
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tako^ plcicc. SiliCiL k a common rcplacCTncnt mineral aivd many 
sheila whicli were originally com loosed of calcium carbonaLe are 
now re.presejited by siliceous Even plant inaterial may be 

nSFected in way. Some of the olciosL and most piimittve plant 
fossily kiiov/nj tlio^c of Rhy^da, firsL IbuTid at. lOiynie, Sc^tnland^. 
are so preserved. Whole ti-ec-trunks, now completely jsiiiclfied, are 
commonly found at Portlandj and at one spoL at the jiouthern end of 
the Isle of Wiglit fossil wood of this kind is so common that it is 
known as the Tine Rafi', 

The va.^t majority of animal fossils are remains of marine or fresh- 
water forms of life. Physical conditions on land arc almost totally 
unfavourable to the preservaiion of even the hard bones of land 
animals. Generally speaking, the remains of land animals lie on or 
near- the [^ouD.d surfaCCj and in the course of relatively a fesv years 
cvci] the laryesiL mammalian bojtet^ completely diaappearn Even 
should there have been a chance covering of a kind to afford preser¬ 
vation of organic material normal procesf^e^ of denudation on 
land surfaces would tend towards its nldmaiic disinterment and 
dcf.a.y. 

Marinr;, catiimdnej and hesli-water lake conditions favour pre¬ 
servation. Organic remains tend m bo covered rapidly witli mud, silt 
or sand, and hard parts at least are often prcsoi^vedn In exceptional 
circumstances impressions of such delicate animals as jellyhsli have 
been retained, A great nni£iny fossils of land animals and plants owe 
their presentation to the Ihct that from one Cause or anOtliCr, such 
as floodss they Ibund ihcir way inLo a contemporary river and were 
buried togedier wilh aquaiic rcma[ii 3 ; or were carried out Lo sea^ 
there lo be covered and preserved. At Ockley^ in Surrey, many bones 
of land dinosaur rej^tiles have been discovered in a. "bone bed" in 
very old citui^rinc deposits (Weald Cli^iy) into which Lhey had been 
washed- Eo.ssil wood is common in dir cliffs at Sheppey^ Kortli Kent. 
Tliis was OL-iginally brought in to tlic ancient sea in which die beds 
of Sheppey were laid do^vii. as floating bough? or logs. It is frequency 
to be found on the beach there. 

Tirr VALUE ov ros^ius 

Fossils may be regarded In two extreme ways’ cither purely 
SipecimOils of organic bfo wliicii existed in past H,geH, whose interest 
lies entirely in them anatomical characteristir,s; or at Uie other 
extreme they may be looked upon strictly as indexeEi Ibr correlating 
strata irresj^ective of their biological connexions^ according to tlie 
use as discovered by Wihiam Smidu In die latter case 3. kJKJwledge 
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^>^ lhc vi^'dcai and horizontal ranges oCfo^^sUa is obviously necessary^ 
which can only be obtained by dot.nilod collecting from the rocks. In 
actual practice botJi viws bavc to be taken equally into consider 
LLon. 'File biologist linJs in palaeontology one of the inairk props of 
any theojy of cvolnrion, hut accurate knowledge of tho relative 
posit]onEj both vertical and horizontal, of tbc vavious fossils in the 
strata before iheir removal is necessary to his conclusions. The 
stratigrapher cannot use sj^ecific fossils as tn.do:K:es ibr recognizing 
differenl strata unless he knowis :SOTnet]Ling of their morpholcigyj to 
enable him to distingiush one genus or spcoiesj from another. 

FOS.v/LS AR i.TR.ATAL INDEX.'KR 

By y. crjiubination of biological c3iaminadon and carchil and 
cxi.cn si VO Hooting nind record Iiigj iL lias been found tliut so mo 
fo^^s^ii types have pershfed unchanged through vast periods of time 
and arc preseni in rodts of several different ages. Otlicr^ iiavr 
evolved quickly from one form into another and arc founds therefarej 
in a very restricted vertical range of beds. It h tJic l.ype of 

fossil which is used for identification of stra.ta.. provided die fossils 
are sufSoTentlv abundant and widespread to be used for the purpose. 
It is of no tue to select one that Oau f^carccly ever be found. The 
depths!tH in which these ;idccied foi^dls occur at^e known as ‘'zones' and 
the charactoi'i^ tic fossils are ^zone fossils\ The position of a zone 
widiiii a dcjailed table of ztraLa is the ^zoiial hor™nh 

All the strata wiihin a zone are broadly contemporaiicous; Jii 
fact, this is essential to the conoepti.on of a zone: but they d.o not 
necessarily consist of the same ty^pe of depO?^k- At any one pei'iod 
mud is laid down on one urea of the sc^ flo^:^r^ isand on aiioiherj and 
pebbles on a thirth Coral reeft and shell beds also occur. Deposits of 
these kinds which were laid dowm in pasL ageSj and which have since 
become consolidated to clay^ sandstone, conglomerates and lime- 
^{l.oue, may iherefore all lie wilhin tlie same fossil zone. In such a 
case die seieciion of a zone fossil which is likely to be fouird in all four 
J.ypes of deposit can ofien only be made after a clo.'fe study of a wliolc 
fo.ssil fauna^ which necessitates extensive and methodical collecting. 

The biological approach to palacontfilogy show-s that many 
fossils y.re remains of anLmals that had adapted themsclvoi to special 
cnvii'oumcntSj for example to .diallnw or to sandy sea hot to ms ^ 
Some of these fo^^sils may air^wcr the zoning requirement of ^bori 
YOr deal ranges yet each may possess only a limited latei'al rangCj 
confined to the single type or Tacies^ of deposit. Such are generally 
useless as zonal fossih. 
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of n mne fossil is in acl:iial Ikct not; i^in r.n^y raiifN:i\ It; is 
i L^ie Lo find any one fo^iJ thai; fulfils tvery lequirement, nnd a-in 
assemblage of several Ihs^ils h oiien used, one of wliidh provides tlio 
sou til nanier By the col iec Lion and rccogTiitio.u nf an a^serablage of 
in stL-nta of a hithcj’to unknown horiion the zone may olicn be 
correedy idenlifiedj aitboengh t;lic actual zonal index fossil may not 
even be discovered. 

SO’VLE ZONE FO^F^rir.s 

Once a fossil 20tit; has been reliably establishedj ii becomes of 
great importance in geological held work. The rocks of Wales and 
Cumbcr 3 ytud include many thousands of feel of strata of a broadly 
similar kind, consisting of slates and other fissile material which were 
once muds and sandsLoncs^ These rooks havr; also been folded and 
faulted into mo^t complex structures. Among zone fossib thrtt have 
been ustid ro subdivide these strata ai'e the grajotolites^ a long- 
{;xtlnct group of ammals wlLicb wero aUied to tbc eorids. Tlreir 
mode of iif(^ has been deduced fi^m Lhcir hn-ra and structure as 
having been mainly that of floating organisms and they are^ thea-e- 
fore, widely spread.; th.ey also show rapid evolutionary development. 
Con^cquciilly they make ideal zone fossils. By their hidp very 
complex geological strLiCtuii'es have been unravelled. 

Many^ diough not all. of the strata of a wide belt of country 
extending from the Dorset coast to Yorksbii'e {Juranssfo Strati: 
p, STj) arc zoned by the f^.mmoniteSj at* extensive group of cxliiiCfc 
mr>nufiL;s allied tO fiic nautilus and squid of today. These strata 
comprise a varied succes.^ion of clays and limestones wiih some sand¬ 
stones. One Jurassie clay is very like another, and one limestone is 
very tike anothoVr Tiic anrmonit<:£v w'erc froe-swimmingj and as was 
the case of tlio graptolhes, they flisplay exir aordinarlly rapid evolu¬ 
tionary changes. I’heir shells occur in great profusion in cadi type of 
deposit. This group again^ tiiereforc, provides excellent zonal 
fossils. Ammonite zones, ofbm only a few focL tiiickj are resdtiy 
recognizable in the field; aud mosL of ihe main groups of strata in the 
Jurassic Heqviencc, and many minor oncs^ may be reliably identified 
wlicrc^vcr dicy may be exposed. 

The various beds of much of the Chalk formaiion ^vhich is 
pre.sent over so great a purl, of souihern and eastern England are 
identified by fo 3 :>il as^^emblagcs rather than the specific fo^iis^ but 
zoning of part [>f the uppei’ half of the Chalk h remarkable, a* it isi 
doTit through Llie evolutionary forms of a single genus of ^ca-urcltinj 
Aiicrasier. Tlie main features of progressive change in are 
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& dreptining of certainu gfoovftSj au increase in thicloiesi of the ^hrl\ 
and a oh^.rigo in. the potiilioii of the ^niouth". Experience ha^ shown 
that even a fragment of tins fossil may be relied upon as an index to 
the position of the bed within tlie wlioUr tiLickTio&& of the Chalk 
formation in which it is founJ, 

It follows fvQTTi the^je remarks that \vhen a held geologisi: coJlcct^ 
fossils for zonijig purpoj^os it Is incumbent on him to make careful 
and acouratc Jo.'toripiionfi of tiie precise location of the rock exposuin 
and oi' the poshlon wdiJiin the exposure from wdneh the fossils are 
obtained. L\fany a cabinet of fossils exists in tlie country today^ the 
result of much patient labour^ winch fsrom the scieutihe point of 
view is valueless or almost £0^ since this essential inlbrrna.tion is 
lacking. 

MiTSUTJM AnRANC^EMENTS 0? FOSSII.S 

Although the biological and su^aLigraphical aspects of palaeon¬ 
tology are inter dependent to so close a degree, yet the fact that they 
are fundamenLaily separate is rebec Led in the arrangements of fossils 
in die tw"o _gi^eat nalional geological collections in London; those of 
the Natural History Museiini, and the Geological Museum, both 
at South Kensington. In the former the bays is primarily biological. 
For example, j^.ll the grfiptolites arc placed together:, so are all 
the laTUrllihranciu'ij aiul so on. The known evolution^^.ry sequence of 
every group of fossil animals is tit as displayed + Arrangement accord¬ 
ing to age is secondary to biological. 

In the Geological Museum fossils are primarily exhibited in iheir 
assemblages ai found in specific strata. Rej^resenlatives of all the 
fossils to be found in liie Chalk are sb.owm togethei’j as are those of 
the Great Oolite, and indeed of all the main straiigraphical divisions 
of Bviti^ih stj'ata, usually with speeimerLS of the rock In which they 
occur. But the fossils^ names aj^e those of lypo Jipecitnens of the 
s^tandard biological collections. 
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7 ^ Hisiorj? of the Earth 


I N interj^reiiiig lIic history, gcob^isLs in imagination rake 

on the earth's surface a conLinent iicrc^ and a mountain range 
there; thr^y submci^ge vast tracts of land beneaLli the sea an.d cover 
others with ice. Their i interpretations of geological history follow 
naturally from Hutlonk []iacovery tJiat the present exLei'nal form of 
the earth results from a long succession of .geographical changesj aJl 
of which have been produced by factors that have been active 
ifiroughout geological timej and are .still active today, 

GjGOLOOLOAL TIMIZ 

The question of the time required for these changes to have 
taheu place comes to tlie fore almost autorciatLcally^ but the subject of 
geological time k not a.n easy One to grasp. late as 1954 ^ some 
structures found in rocks bordering Lake Superior were oUimi^d to 
be remains of simple plants over two thousand miliion years okb 
and sojnc South African rocks are tliougiic to be some two ihousand 
^evftn hundred mi 13ion years old. If these claims be accepted, die 
age of the ci^rth nccdf5 be greater 5tilh Thc^^c plants alone 
would require a finMlicr long period i.o have attained the develop¬ 
mental stage tliey had then reached. TTe present-day estimate of 
the age of the earth is some three thousand inilhon years. This 
figure may or may not be near the truth but it vests on a reasoned. 

Yol it should be said that the c^dniaiet] Jigurc at the beginning 
of the preseni: eenUiry was but a hundred million years. To certain 
specialists estimates of the age of the earth are important* To die 
vast majority of people their significance is quite beyond compre¬ 
hension. Even tlie event of the finding nf Moses in hk basket by 
Pharaohk duugh<.[:r, which happened only about a million days agOj 

hi 
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seenis to imny of us to bavc ocoarred some^vhere. near the dawn of 
time ] 

It may well be zhai inmibers in milUojis ot'yoai fi do enable some 
people to overcorno a. natural incredulity when ALf^t confi-oiited with 
the time demaudu of i.he geologist. Tlacy may alao help inwards an 
appreciation of Liie Tact of an orderly sequence of eventSn Hut the 
real e^sendai to an undei'scandmg of geological Instory is no[. a row 
of figuresj but an acceptance of the Idea that mthout question the 
duration of geological time ha.s been amply long to accommodate 
the sequence of episodes of mouniaimbuilding, land submergence, 
ice ?igcjSj and the libe whi(-i geological investigation has shown to 
liuvi: oct^urred; that time huf? been in fact, to Jill intents and purposes, 
ILniille.t.^, and therefore Utal excepi by the Hpcciali,vts interested, 
de La lied conoid or athm of ilie time factor in geology may be ignored. 
Indeed j for nio^^t peoplo; geologists and non-geol(>gisi.& alike j no dung 
more tlian tfils Is really possible. 

Tr-m LAW OF &uPEE.posmoN 

With an acceptance of lhe idea of^Tuidess Lime a concepdon of 
Jong-continued orderly sequence of’ geological events^ which is 
lundamcntally important to historioal geology, presents no diffi- 
CLtlde^ This conception itself introduces a basic geological principle 
tliaL a scdin'ientary stratum which occurs at the ground surface was 
laid down at a later date than ihe bed below it^ and that beds are 
progressively older as a £iu:cce£sion of strata traced to greater 
depths; a principle whidt becomes obviou^i on the mere statemenL. 
Tins is the Law of Superposiiion. It applic.s cvery^vhere unless beds 
have been displaced relatively to each other by eardi move men is 
wliieh occutred subsequently to their deposition. It should be noted 
that it applies to sedimentary strata only. Igneous rocks at depdi 
may be yoiingcr than beds above tl:Lcm, . 

1'hE CnntOT^OLOGT.OA].. TAItLE 

Recognidon oF this law^ permits the construction of tables to 
show the sequence hr which the various^ sl.rata of tlie earth's cru«t 
were formedn The deiails of these tables vary from country to 
country. They are, how-'cver. all related to a.n inCirTnadojially 
accepted scale which divides geological lime^ wdiatcver its duraiioiij 
into units> The datum of this scale has been taken at the peidod 
wheuj 0 ^ far as can be detecced, animals and plants first existed in 
forms w'iiich pt’i niittcd tlieh preEer\^tion hi rock to become fossils. 
Above this datum geological time is divided according to one 






THE OF THE EAElTH 


53 

iTLl-.:> four Primai^Vj St^cnjidaTy, Tcrtiai’y civid 

QiLaternary, An al-.ci-nj.dvtj f:la.^sincation divider i(. inu-h ifircc [^ras; 
the Palaeozoic 3 coincidetiL with Pi-iTnary, the lv^e^iozoicJ the equiva¬ 
lent of Secundi^.ey, and tlie Gainozoioj which invluclew both tlie 
Ter Liar y and QiiaLci-nary, The terminal ’zoic' (from Gk.,^ryfj7^-amJTial) 
■hidicaLes tiiiat the main gmupin,^ in the 3attev claiSLiicaiion ia baaed 
on the foririE of nanimal fosails which ocein: in the ’h^irioua strata; 
tlic inid^^l halvi:i 5 come from nncient. middle, and 

ifffmp.v, new or iT-c.'^h. Ati in the case of certain pcLrographical 
names the Greek foundations oF these words and of others given 
below^ perhaps reflect the classical basis of educf^.tion in the early 
part of the nineteenth century. 

Iti the palaeozoic or Primary cra^ all forms of life were less Jiiglily 
organized titan dtey are today. Yei Ir. i^ not advisable to regard these 
as ^simple^ organisms^ for many w^ere in lacs, very coinplc::i. Molhiscs, 
corals and allied animals^ and fishes lived in the sea. Early insects 
and a.inpliiblai-ifi appear to have been the m'a.in forms of land life. 
In the Mesozoic or Secoiidary era^ reptiles of the fllnoEaijr grou]iSj 
many of great size, w'ere dominant on land^ and otSier large reptiles 
were adapted to live hi water. M^iinmals were small and primitive 
and from the point of view of ni.m-ibcTSj they were not imporiant. 
Marine animals were of far greater ccimple>d^y than thojte of Lhe 
Fa.lacazolc era. The Cainozoic era^ i.e. the combined Tertiary and 
Quaternary eras, the latter of which includes the present day^ is 
characteidzcd by the coin pi etc disappearance of the dinosaurs and 
by the daniiimi-scc tif inammak on iandj ofwhidi Man is the highest 
e^epresi^ion. 

WiLli the perverseness of himian nature, the names of [:ras 
commonly in use^ at least in Great Britahi. at^ taken panly from one 
classification and partly Ifom an other. The nornial is Palaeozoic:, 
Mesozoicj Tertiary and Qpa Lorn ary. Tlie reason is perhaps not far 
to seek. Palaeozoic is definitely preferable to Priniary. sincfr it 
allows periods antedating the Palaeozoic to be inchided in a time 
scale. The apparently lllogicnl preference for ^Tertiary^ and 
^Qiiaternary' over "C?jinozoic' is bo unci up with tradition nl 
The latter is preferable; and indeed is internationally at^ocptable. 

Eaeli era i.^ subdivided into "periods' each of which is in itself a 
TTiajor dividoii of geological time. Both eras and periods are named 
■in Lhe Table of Geological Forma dons, given onpp, 76, 77. 

The upward sequence of names of the tabic of periods is thus a 
scale of continuing time. The dhu^iaUhS are ariilicialj just as the 
division of a day irno Lwemy-four hnurii is artificial. But the periods 
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are founded on groups of that field obseri^ations have shown 

to have some dtaracter or chnraCLei^5i in common. All the strata 
related to a specific 'pcj’iod’ are grouped as a and caiTy l.hc 

period name. But tJicrc is iioL nor can there be, any idea of equal!Ly 
or duration of timo either as between the four CT'as ov a* between the 
i&cvcral periods, d'he whole of the Quaternary ora undoubtedly 
represents but a very small fi: action of the time of tlio Palaco?^oic era. 
To regartl both the Quaterny.ry uTid rerLiaiy eras^ as generally 
accepted in Great Britain^ ns but two periods of t!te Gainozoic^ h 
entirely rational j yet so vague is the conception of actual dino 
inherent xn geology that the reiention of the older British usage^ 
established as it has been over the years^ may not be a real disad¬ 
vantage. 

Each ^period" Is again subdivided into ^'pochs'j of which the 
corresponding strata are ^series'. And ^till furthei' subdivision;^ are 
made for detailed worh. 

NaMJlS of Tim OEOLOOICAL SO All: 

The growth of the geological time; scale iilusiratesj by the mixed 
origins of its names, the gr adi.ial growth of geological science^ both 
hi time and place. ^Cambrlan^ is derived from Cambria^ and 
'Ordovician' a.nd 'Silurian^ arise from Welsh tribal names. The 
Ordovices inhabited Xorih Wales and the Silurcs lived in Soiith- 
Kast Wales. 

Sir Roderick Murdu^n introduced the jiame Silurian^ which he 
applied to mosi of the Welsh atrats.. P^of[’S^^OI■ Ada.U] Sedgwick 
(whose name is commemorated in the Sedgwick Museum a.t 
Cambridge), working in North Wales, concluded (rightly) that the 
rocks there belonged to an age earlier than Silurian^ and proposed 
the name Cambrian. Murdilson flisagreed. It is perliaps a sad 
commejitai-y on human fi-ailty tluit Murcliison and Sedgwick were 
close friends when first associated in geological work in Wales, but 
they quarrelled .so violently ovei’ ihis matter that they became per- 
manendy esirangod [ 

‘Ordovician' was proposed at a somew^hat later date by Professor 
Lapworth, of Birmingham Unwei’siry {ses p. 250) r ‘Devonian' comes 
from the name of the English county of Devon, and 'Permian' from 
Perm in East Russia' a name also given by Sir Roderick Murchison, 
who during the first half of the nineteenth century did much geological 
v™rk in Russia. 'Jurassic' is firon^ the Jura Mountains;, and was given 
to the systciTL as a whole by the German geologist, von Bueli 
p. 17). Tho ^Trias' is a system winpj-iscd of thi'Oc divisions in. 
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Gcrmajiy, dltlioui^h only i.wo of th^.m aje prc^ient in Britain, 

but th(.: ibhaedc (narnod from tlie i<.haLrtic AlpSj subdivision is now 
usually considered pari of the Trias. ■"Carboniferous' and'Cretaceous" 
are both named according- Lo characteristic, though not necessarily 
thick, rocks of the respective sy^items; coal and chalk. Chalk bulks 
largely among ihe strata of the Cretaceous system; coal, however^ 
comprises only about J per cent of ihe total thickness of the whole 
Carboniferous system. 

The series of names '"Eocene'j 'Oiigocene\ 'Mooene^j 'Pliocene' 
and Tki^tooenc' is ^lne^ther example of the impact of Greek in tho 
nineteenth con tiny: Theae are derived from dawm; oligos^ little; 
?neion^ less: more; pldstos^ most and new or ftesh (seen 

also in Cainozoic above). Ihe series was originated by a disdnguikhed 
Englidi geologist^ Six Charles Lye]], ITc babied his nomenclature on 
the relative proportions of living to minct h^iriris of m.ollu.u’s that are 
present as Jbssib in such of the Tertiary sirata as lie knew* The 
PleisLocene strata^ tliorefore, contain a greater number of sliells of 
living species than do the strata which he placed in the Pliocene 
s^=^teni; the. hocenCj which he so named as being th[^ period which 
saw the dawn of unfurimals ;3S tiie dominant form of lant] lile on the 
earth, contains -qo living forms, flis original scheme has been iatei- 
expanded to include the Miocene and Ohgocene. Tins series of 
names conveys some idea of the ages of tlie several formations in 
relation to each other and to the present day. It is the only part of 
the time scale which is pla-niied and it has been further continued 
to include the pebriod in which wc now live as 'Holocene' 
entirely). But deposits of the HolciC[;rLC pcrlorl arc nxorc often called 
'Recend. 

U_^co.-^roRivuTiEs 

From the premise tfiat at one time or another various parts of the 
cartlfs crust h^v^e been elevated above sca level and accordingly 
have been subjecl to denudaLion^ it follows that nowdiere on the land 
surface of the earth is there an unbroken series of strata extending 
from tlie ba^e of the Palaeozoic to tlie Recent, Inclerdj everywhere on 
the land tracts of today there are many gaps in the strata! succession j 
Cn-ich of wdiicli may represent a vafst period of time, Beds that have 
been laid dowu on an eroded surface of older rocks usually-' lie at an 
angle 1:0 the original floor; they are then described as being "uncon¬ 
formable’ to the lower strata. Unconfai-mitles are common features. 
They are often exposed in section in sea clilTsj in moiintai]> sides and 
in quarries. One of the most striking is to be seen at Siccar 
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Poin^.j y[.norland—witere. is i^hown in 'Fig, IV^ 

find Piiie IIr^ a ]oWrs ;>(it. of b^:ds (of Silurian age) are 
almost yer^.".ca^ Jind geiidy inclined beds (of Old Red Sands-tone 
age) Re on tJieii- eroded npliarned edges. This urioOnfonmLy of 
particular irtorest as it was one of tho^e used by Hutton iu hm finit 
scieiidfic deTTioiist;rai;iOii of an unconformity + ' Other excellent 
exaiTsplcE in G reai; Trilain are to be seen near Set Lie in Yorkshire, at 
PrOTiie in Somerset, in the Bristol disirict of GloucesLer^dnre^ and at 
Pcgwdl Pfiy in Kent. 



srA/^7>i 


IV, J.— Unconformity ai Siccar Po^nt, Benvhdifliii’e- The SiJnrian 
strata were finiL tilted to a high angle by eai'th movemenls. Then 
foHo^s'ed a long period of erosion^ .Succeeded by the deposition of Old 
Red Sandstone ?T:ra.ta. The whole was subsequently tilted slightly. 

An unconformiLy where present clearly separates one geologica.l 
bed or group of laeds from another. Some unconformities are very 
extentive^ others are very restricted; but none is world-wdde. Nor do 
they necessarily make reliable criteria for separating one s}=^tcm of 
Tockfi from anotlier, althougli they may clearly mark the separation 
of units of mild] less in^porrancc- In parts of Britain for example 
there appears Lo be a grarlua) tran^^ition from Palaeozoic strata into 
the MesoKoiCj for it is impossible to doliiuit the PcrmiaTi ^strata from 
Triassic {ses Table of Strata on pp. 77, 76)^ In the London, Noi’di 
Kent and Essex areas j Teriiary sir ala arc certainly ddimited from 
those of the Mesozoic by a slrong unc/;hnfo]'Tnityj at the base of the 
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ThantU Saiid^ bui in iJki Pyronce^ and in Aniei'ica Lhf:i'<;isa oontiDiiouiJ 
a'ansi Lion fVoni the CretacftOLis inl:n tlic Eocene, Fossils^ raliicr l;han 
nnconforniitic^j lire therefore moai; use fill as the primary basis of 
separutinii of strata, into ^oups and Sys1:cinij <if world-wide 
applioaiioii. 

Names or s'jka-i'A 

A stratovn^ or a group of strata, wliicih is separable from beds 
above ajid below, on account of the general eliaratiLters of me rocks, 
and is of siiilicierit importance to meril the dIsLirietii.)r!j ih called a 
*fornial:ionh The term has somewhat vague iinji^licationa and is 
pardcalarly \raluable on Lhal: account. It i;^ customary to label a 
formation either from a localicy where it is typically present or 
accordiug to its gcjicral composition or by a combiiiadon of both 
method^i- I.ondori Clay, Foi'cst Marble ithe forest being tlte Forest 
of Wychwood, OicoTi), Millsloiitt C^irit, Shinctou Shales^ Spilsby 
Sands Lone and Durness Limestone arc OJtaniplcs of foiTnational 
names. 

In the nanurc of things^ names of this ];ind have a limited validity. 
Strata of the same aj^c^cven within the ^amc country, Itave received 
diffcioni: names in differcut d i-fitrict^; and to it jp’cater dcgrt’C in 
differ™l: counlries. No practical dilficulLy arises, how^ever. The 
table of periodsj rej^resenting as it does a condnuous time sequence 
from the beginning of the Palaeozoic to the present day_, is a standsnd 
rcfercn(;c table, by the irsc of which the mutual i-cladonships of the 
main, formations of an area may be broadly brought out. By its 
means formations of one district or of one country may be appj’osL 
mately correlated with those of another. It is, how^ever, in^jiifHcient 
for detailed correlation which requires a linkage willi ihc smallei’ 
time units of epochs^ and, through them^ widi fossil ^horizons' and 
'zones' described above (p. 48). 

Puzzles of the PrtE-GAMBJiiAN 

The datum line of t)m time scab:, placed at the base of the 
CainbriaUj has no validit.y in nature, except that tltcrc is in gencCnal a 
warid-W'idc absence of fossils in the Pre-Cambrian ^itra^a^ and a 
sudden appearance of a fauna in a. relatively advanced state of 
evolution in the Cambrian. No convincing iheory has yet becu put 
for^vard to account for this plienomenon, but it certairdy does not 
support an argument that tliere is a world-witlo unconformity at 
that level. It is Lrnc that there is a great unconformity at the bitJSc of 
Lhe Cambrian in Great Britain, but it appears mo^st likely fhat during 
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the period wnidi [his ^ap bn the sLrai:a reprei>cnl!fj depofiiliou 
taking plat;c in oUier pai’t^^ of i:hc world, llio value of the datum line 
is that of geological convenience* 

Pj-e-Oambriaii strata ■ujidoii'btediy conl;ain numorous large 'sys¬ 
tem s'j related to various gcosynoHnal and mountaiTi-building episodes 
of the vety early periods of the earth's his Lor y^ but it is not possible to 
place them in. any systematic order. While those strata whicli are 
related to geological time above die daLiim ItTic can be placed 
ireasouably well in thitii' correct order of superpo^itionj those 
below ilie datum cannot^ and tlicy present many geological puzzles. 
Lo[;aily one system of rocks may be seen to he older than anotlier in 
tlic iiame neighbourhood^ but on existing evidence diat is die limit 
of possible correlation. It not certain even that all possible Pre- 
Cambrian s^^teins are kuowu; as iaiiely as Russia]^ geologists 
have claimed tJie existence of one that had hitherto been unrecog¬ 
nized. 

From time to tiioc various structures discovered in Pre-Cambrian 
rocks have been cJi^hned fo^sihj only to be proved on close 
examination to be of luorganio origin. There arc, ho\vever, [races of 
primitive plants^ including blnc'green algae and simple forms of 
fungi. Some Pre-Cambriari rocks axe igneous, otliers were probably 
originally sediments that have been metamorphosed in greaior or 
less degree. 

Th^:- gcologioaTj htf^tohv of Great Britatn 

The Bucce^won of sti ata. in Great hrirain is pre-emiiienLly a 
suitable ODC to illustrate the hhtorical side of geology. Witliiii its 
SEaaU arc^i the country contains representatives of every one of the 
geological ?tystems from the Cambrian upwards^ and of several Pre- 
Cfimbrian sysLemSj all of which crop out at the surface; and if the 
proviso of 'a-opping-out' be omitted, they are mostly j^resent even 
in the aica oi' the ihi’ec counties of Kent^ Surrey and Sussex. Except 
very locally and in minor degreCj none of the sti'ata subsequently to 
the Devonian has been changed in character by metamorphisru. 
The Bi'itish succession is seen to be the more remarkable when a 
comparLsoii is made with those of many other countries. Each of 
tlie geological ^shields^ of the Baltic^ Africa, Canada, and India, 
for instance^ is ofva^t extent. Since these tracts have been stable for 
the greater part of post-Palaeozoic time at least, and some for very 
much longer, only a few ntajor formations are exposed at the suriacCj 
and thc^o arc nxostly of ancient date. It may be necessary to travel 
over them some huiidrcda of miles from one sipot to another in order 
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Lo meet with sti’ata of grtratly different agen. In the raountain of 
the Alps, Pyrenees, Himfilayaii, Atlas Mountains^ Roefc\^ Mountains 
and otheiSj the strata, even tho^e of Tertian^ date^ arc ollien so 
treniendoaaiy disr.urbcd and aliered dial ^^.■:^;:ognition of age beeonies 
difficuli. 

TnFF.fi MOUn-’J'.YL^.'-ELTLnLYG PERIODS 

Sinec Cainbriaii times there have been three great periods of 
elearly defined geo^yrrelinal moveineni, each followed by mountain- 
building upheaval. These have controlled the historical develop^ 
ment of the geological structure of Great Britain. 

_ The fir^it of the^e^ accompanied hy much igneous activityoccurred 
during the Devonian ]ieriod. The resullanl: iiioiintain range, tlie 
CaJedonian, extended through Scotland into Wales and Iicla.nd* 
lliese areas appear to he more or less ncai' th c main line of disturbance^ 
and the pbenomena of fauldiig, folding and mcbi.morphiEmj charac¬ 
teristic of earth movements, are everyvvhei^e present in marked 
degree. 

The end of the Oarbomfcrous period and tlie beginning of the 
Permian saw Lhe second period- MouiiLain^ of this episode ran 
roughly east-wesL dirough the norlh of I ranee, amd die attendant 
earth movements gave rise to land areas to the north, parts of which 
became hot dc.^crtSH 

The third period was at the end of dm Oltgoccnt: period, and 
during the Miocene. The Pyrenees, the Alps, the Caucasus and the 
Himalayas were all forced up along the line of the very elongated 
^ca (known to geologists as Tethys) which had marked the gca^ynohne 
which had given them birth. 

The arcraft of maximum disturbance of these last two mountain¬ 
building periods, however, were more distant from Great Britain 
than was that of the Devonian period. Although pre^iHiires were 
Insufficient to produce metamorphism ofBriLiAh rooks, they subjected 
the crustal, strata of tiie tract around and induding Great Britain to 
grci^t Strains and stre^&f.^s, In sach a way that movements of depreiiisjon 
and clc\-ation continuously alternated. Moreover^ premonitcuy crustal 
movements appear to have occurred Jong beJbrc die advent of each 
of these geosynclinal inountahi-b Lidding ^earth storms' and m.ovc- 
ments continued long affciri so that In effect flic cardi'st crust of the 
British area hajf pcrinanendy been in a state of um'esi. 

Strata iiavc been formed somewhere or other in this small Lract 
duritig every geological period^ and under many wi<kdy different 
circumstances. Igneous, sedimentary and mctainorphic rocks are 
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prcseiii in grc^t v^icly. There have been volcanic cpitfode^, Depoal- 
tiou has occuricd in shallow seas; in deep-waier in 

cs^tuai-i[;E; and in fresh-watei’ lakes. There have been ice -T-gcs; tiniea 
<•}[' lemperaLe climate; and periods of tropical heat lo produce botli 
hoL dry deserts and traces of tropical vegetation. The net result 
has been tlie forEoation of tocks of many kinds^ wliich yidd ns coaL 
iron ore, building stones in variety, road tnctal^ j’oofing slateSj sand 
for iDuildmg, glass^mv^iking arid moulding: clay thr bricks and poLtery, 
china day: mam.ifacUirc of plaster of Paris and odiOT' 

piasters^ ehaik and limestone for lime and cement^ common salt and 
othcj' kindred ^ubsiances for many purposes, and gold, silvei’ and 
odier metals, gemstones and other less common matcritils both for 
eveiyday use and for hixury. 

Pre-Camerl^^ Rocks 

These .very ancient rocks must obviously occur a I: some depth or 
other beneath ttie whole of the earth\s surface. They ai^c often very 
deep dowELj but at a number of separate localiiies in Great Britain 
they come to the ground surface^ aj^pearing through ouLcreps of 
newer rocks. Mo.stly they have been .subjecied to intense pressures 
iind heat; they arc all very haxd^ and many have been greatly 
compressed. 

Moch of Anglesey is built of gneisses and schists; largely meta¬ 
morphosed igneous rocksj although some are altered sediments. 
GranileSj pillow lavas and Lulls aie al:?o to be Pdlow lavas are 
exti^emely interesiing igneous rocks wliicli may bo [ormed when a 
lava stream enters water. Still viscous ma^^os break off^ which 
immediately get a cliilled outer skin^ and, being [soft withui, 
each assumes a shape remimscent of a pillow. Pillows may be 
pUed up on. each Other or ^nay roll downi a sloping sea beri^ or 
Lhey may be dispi>scd .in a number of ways according to local 
circumstances. 

Near Llanbcris. rbyobtic lavas ^nd tufis provide definitive 
evidence of Pre-Cambrian volcanic y.ctiv.ity. 

In Shropshire there is a variety oE' Pre-Canrbrian rocks, all 
TTietamOrphosed. Some of these^ a-^ at Anglescv^ were originally 
igi joou^ rocks of various kinds^ oihers wero undoubtedly scdiinent^: 
bi.iL oihers again have been .so highly changed in character that in 
the first instance they may have been eitlrer. 

At Charnwood Forostj Ijciocstershire, a great thickness of Pre- 
Cambrian rocks is largely volcanic in oiiginj but ii abo contains 
water-laid congiomerateSj mandatories and clays now meiamorphoaed 
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into slates. Other areai. of JlicSij ancient roclis in Eii^lar^d are at 
In^leton in Yorkshire, in Penibroketiliirc, in Nortl^ Wales and at the 
Lizard in Cornwall, Eddy stone Lij^hthoii^e h bnilt on rocks of Pre- 
Ca.Tiibi'ian age. 

In Scotland the oldesi Pi c-Cambrian &>^tem is the Lewii^iaii of 
which the rocks are of very variable types, mostly gneisses. Strata of 
another syistem, the Dalradlan. occur in die Sonthern Tlighlands of 
ScotlandH They coinprise a group ofichisis. gneisses and crystalline 
liTnoRVonoRj oxi-.cndiug in a broad belt from die i'irih of Clyde 
LhroQgh Aberdeenshire u.) "Banff. Rock.s of a tiiird system^ die 
Torridonian. are largely red atichtones, couglotucrates and ^^hales. 
These occur over large areas ofnordi-wcst ScoiUiub 

OAMtiRiAN System 

C^ainbrian lock:^, largely gritty sjindstones and black shales and 
£iateSj crop ouL ovcc’ much of Wales. In. Scotland they form part of 
the Highlands, where they iuclude limestones and quartiiLcs. 
Cambrian Virata also occur in ihe EtiglLsh Lake Di.^trict and come to 
the surface in smaller areas of the Midlancb, notably in Shropshire, 
the Lickey Hills, Nuneaton and at Malvern. As with the Pro- 
Cambrian, earth i-novcments tira.t have acted on these old rocks 
have changed the form of niaiiy of the original sediments, so that 
slates now represent practically die whole of the original clay 
deposits. All tlie rocks of ihe Cambrian^ therefore, arc hard. Very 
little ns knowTL either of the geography of Gambrinn tirneSj or ol’the 
general distidbution of those Gainbriau iock£ wliicli now" lie buried 
beneai.h riowor strata. They have been proved in a few boreholes, 
notably in ono at Calvort iti Buckinghamshire and at another in 
Leicestei'shlre. 11. is possible tliat they are present at olher areas 
underground at greater depdi than has yet been reached^ but they 
definitely do not lie concealed ever^-^vhere beneath newer strata 
throughout the country where nicwcr beds occupy tb(^ ground 
Surface, 

Oia>ovictAx SvsTR^t 

Ordovician rocks also include both sediments and igneous rocks. 
They come to rhe s La-face over large tracts of Southern Scotland^ Th^^ 
Lake District and North and South Wales and ShropklilrCj and also 
over a few smaller districts in Yorkshire and Cormvaik Ordo\dcian 
scdlrueut^ a.re of two diitinct origins, .shales and mudstonci laid 
down in deep ’water^ and shallo’w-water sandstones and limestones* 
Igneous rocks occur ai litterval.= chroughout the Ordovician sequence 
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of but volcanic acl:ivLt}=' appeaj:^ to been iiitermiilentj 
and to have LaJtoti place only in some areas, aithoug'h volcanic duat 
and are widely incorporated in the strata. 

ft is possible iliat many of the Ordovician rocla of W&lc?i were 
laid dawn in a shallow sea, and on tiic flanks of rdands, of which 
Anglesey and the area of flic Lonj^mynid tn Shropshire may ha’vnc 
been two. 

SnnKnvN System 

The earth movement that Look place at the end of the 
Ordovician period re-caat entirely die geography of a very wide 
area. In (iie Silurian^ as in the Ordovician^ both sedimentary and 
igneous rocks are j^resent. They occur in many par^i of WalcS; in 
Shropshire and Herefordshii’ep at a small area in Toriw^orih in 
Gloncestcrshlro, and at Girvan and at Moffat, Lanark, PenUands and 
other places in Scotland. Some of the Silurian limestones contain 
vast numhei's of beautifully preserved slndls aw fossils. Igneous 
activity occurred mainly In ihc North Welsh and Scottish areas, 
wHei cii& strata of the Ccnu al England fvrea appear to bc li^rgdy 
seclimenJary During the latter part of ihe Silurian period a ttiick 
series of sands and sandstones^ wiih conglomerates, known aa Lhe 
DowmLoman Series^ mis dejoosited w^hich is ti^ansitioiial into the 
overlying Devonian. 

Dr.vowiAN System 

At ti^c close of the Silurian period a gi’adual change in geography 
took ]jlaco. Sea areas e?ristcd iiouth of what is now the Bristol Channel 
area. For a. grcai distance north of this area conditions ^seolTl to have 
been somewhat similar to those oF the interior oF South Australia 
today. The ground appears Lo have been fauly flat, ao that after 
heavy rainfall shallow lakes were formed by LoiTentf^ from flie local 
hills, svhich al&o brought down vast quantities of mud and sands. 
During periods of dry weather these shallow lakes jDarliy or com¬ 
pletely dried up. Much of the finer material may have been trails- 
poiTcd £inrl accumuluted by wind. 

Strata of Dovonian. ago, therefore, arc of tw'o main types: mar Inc 
bods, and red mark ami $ands which are termed Old Rod. Sand-- 
stone. Around Torquay Lhe bed;^ ar'c of marine type, ajid ai'c hnie- 
stones. Kentls Cavern, well know’ll Lo visiLors to Torquay, has .been 
formed in this Devonian Limeslone. SData of Devonian age that 
occur along the coast of Korffi Devon and West Somerset were 
originally sandy and muddy deposits ihat have since meLamor- 
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phos^^d Into slatoR. TJicy give rise to the reniarii^ble coast scenery of 
Morte Point and d\e cllffis ronnd Lynton, In the ini and parts of North 
Devon the inariiie beds are also largely s^latf:sH Marino Devonian 
rot'.kfi underlie the London area at lIlc consider aide depth of about 
1,000 fu 

llie Old Red Sands Lone ty^jc Is present in South Wales and along 
the Welsh Borders. iL covers a large ps.rt of the Midland Valley of 
ScotLanch where the sandstones axe usually coloured dull red or grey^ 
and it 0 Jd.cnds up the oast, side of the country and nortliwavd to the 
Orkneys. To the palaeontologist che Old .Red Sandstone has a 
particular interest^ for die oarlieiJi: known typi^s of fos^dl fishes lived in. 
tlie lakes of the period. 

Beneath parts of south-eastern England the Old Red Sandnone 
lies at dep1:h, and it probu.bly occurs cone.ealed under newer rocks 
over other large parts of the tOiniLry^ Uiidta^ London it overlio.^ 
marine Devonian. 

The geosynclinal earth movement of the Devonian were 
accoinparded by innch igneous activity. Volcanic rocks arc particu¬ 
larly -vveh developed in the Old Red fiaiuLrone of Scotland. The 
granil:es of T5i;:i] Ncvl£ and ific w'ell-known Shap granite of Cumber-- 
land arc also of Old Red Sand&tone age. Pillow lavas p, 
occur in Devonian .strata around Tintagcl^ North Devon. 

C^.K-tsnr^)FER.nif]fs S^^STTAf 

The Carboniferous strata of Grear Britain were laid dosvn under 
very valued conditions both of physiography and of climate. Over 
w-icle tracts a clear-wnter sea stretched at firstj allhoLigh aL the same 
time there were muddy-w'ster coudil:iO]i?5 over Uic area of ihe present- 
day Devon and Cornwall and aho over the northern part of Rngland 
and parts of Scotland- The sandstones and shales which sire so w^ll 
eicpoAod in the cliffs near Bude, Hartland Point and Clove!ly and 
also in East I'lfe were laid down in. this muddy sea. In the clea]- 
water seas limestones ivcrc formed- These are the hnountyln lime¬ 
stones^ of Somerset, Walcsj GJoucoster and the Pennines; some W'erc 
eoral veeis. The limesLonesi tlieniselvesj however^ include a great 
variety of rntks. 

Marine conditions ultimately gave place: to deltaic flats at or 
near the mouths of great rivers which flowed from the Und area^f of 
the time and were probably subject to intcrmitterit periods of 
ilooding (as arc rivers today). In any event tliey brought down 
inimen-sc quantities of sand and gravel which have been ct?nipacted 
into stonej and are known today as the ^hfillstone Gric*^ so named 
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because the liard ^vtiy i^ij.ndst.onc yIeMi admii'able material for im\]- 
stones. Ill Derbyshire tliick beds of cemented Millstone Grit sand¬ 
stone form tlie ’wdl-krinwn 'edges' which give the characteristic and 
extremely utrracLLVC scenery of Hathersedge njid other 'edges^ of 
th^j.t distrfei:. tiriLs ai^e j^rominent around KindcriCoutj in the Peak, 
one bed being named the Kindersoout Grit, Alter the Millstone 
Grii_ episode, continuing crusta] instability gave risfc to a number of 
basin-like depre.snons. In tho^e great masses of sand and mud were 
laid down, and from time to time tliiok masses of decaying vegetation 
were accumulated which i.oday form our coal seams. Some of the 
muds became imjmegnated wil:h iron^ Lo form clay ironsl:oncs^ 
These Tnudf 5 ; sands and vegetalion consliLute the ^Coal Measuitrs^ 
ibrvnatiOn whhh alone is some f^^ono ft. thick at its maximum, of 
which actual eoai. aldiongh of such great economic importance, is in 
iact but a very small percentage. 

In die iievenLeenth century the w*ord "Measure' wa^ used to 
describe an actual bed of mineral of any kind; obviously a bed 
wliich on account of its economic value wa'f continually under 
ineasuremenc. hiow only in the plural^ it iticlude.s as well aft 
coal the strata in which most coal sca.m^ (though riot all) arc found. 
The Coal Measures arc further described on pp. 175-^94- 

Pf.r:^jUA^■ SvsT-F.u: 

The EvL^fliiih Pei'inian rockx contain two strongly conirasted 
type^- In the norih-east of England they are cliiefly limestones which 
contain much magnesium carbonate as well as calcium carl^onate^ 
known as ^dolomite^ (a name dei'ived from the French geologist 
Doiomieu), or as "magnesian limestone'^ and also pa 5 e yellow sands. 
These extend from Northumberland to the neighbourhood of 
Nottingham. 

The second type is largely sandyj usually red or yellow. Sand¬ 
stones occur m South Yorkshire, along tlic Weigh Borders, and in 
fioTnerftet:. Devon and Corn walk The Permian red rocks of SouiJi 
Devon; to brr geeii wcU alongside the railway between Exmouch 
and Teigninouth, give rise to much of dit w'ell-known red soil of 
Devon. These sandstones were formed largely from rock-rvaste 
derived from mountains lying even further south which were then 
slowly rising (sec p. 95). The earth movements] which caused them 
also produced in their nortliern foreland great east-to-west folds in 
tlte Garboniferous and lower strata of Sontli Wales and Stsmerset. 

.Permian strata pas,^ gradually upwards into Triagsic. Both 
Permian and Triaggie .sti-aU are often grouped as "New Red Sand- 
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A modern drilling rig B. Siindstoiic cures of 4.7 in. dianicicr from a 

in Nottinghamshire 
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;rtone^ a,s distinct liom tlic ^Old Red Scindstone’j wiUi wlilcli H has 
pouch ill common in mode of otij^in. As far a,'^ Great Britain is con¬ 
cerned tills perhaps tite moat nalural grouping. Tlte New Red 
SandsLone^ however^ JiEis to be accommodated to the accepted time 
scale. The arbiti^ary nature of the division bet^vecn the Palaeozoic 
and the Mesozoic Is clearly ^^ho^v^ by tlie fact tliat it occurs in the 
middle of this locally indivisible group of beds* 

Tkiassio System 

Throughout the TrlaHsie period cliniatic conditions generally 
were those of a hot desert and the great majority of the beds are 
consequently of desert type. The lower part of the Triassic system 
(commonly shortened to Trias) consists of mottled red and wlutc 
sandstone locally several hnndred feet thick; many pebble beds are 
present. This joart is knouTi as the ^Banter' (German hunt^^ 
mottled]- The upper part of the Trias is largely red mai’h distin¬ 
guished as the ^Kcup[-:r", an old name tliat was given by German 
miners lo the red marls that wei'e met witli in their minesj and one 
of the borrowed geological names. During the Trias large lakc^ were 
formed Into which rivers of consideralale size drained. Both rLVi:rsi 
and lakes intermittently dried up leaving belimd in the luke-basins 
deposits [jf salt whieli hiid been brought into tlicm by the contri- 
buLing rivers. Thm Lhis formation conLalns today the important 
salt beds on which mucli of the chemical industry of Great Eritain 
is founded. In addition to sakj gypsum was deposited in these lakes, 
par tidily riy in the Nottingham area and in Oumberland. A deposit 
wiiich laid down in the BriRtoJ—Gloucc?iter area is the less 
common mineral coles tine (strontium sulphate) ^ used estensivoly in 
many industries. The nearest present-day parallel of conditions 
which existed at tlie time of the Trias is probably to he found in 
America in the Salt Lake district of Utah. 

The Trias is separated from the next great system of Great 
Britain^ the Jnrassit:, by a tiiiii series of rocks known as the Rhaetic. 
These consist almost entirely of marine beds, but climatic and other 
conditions were very unfavourable to animal life* Numerous marine 
shells are present as fossils but they are all of vixy stunted cype. Tbc 
Jurassic period on the other hand was characterized by an abynd- 
auce of animal life. It is apparent that the Rhactic period was 
transitional from the sterile conditions of tlie Trias inio those of a 
more favourable climaLe. Indeed, the Rhactic has been regarded ecs 
a separate system^ and it lias been included alLernatively with the 
Trias and with the Jurassic according to personal veiwsH In Great 
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Britain k is usrually iiidudfid with the although the it 

contains a^e dosdyrdated to those of tho Jm'usdc, 

Jurassic System 

During the Jurassic period there was again marked localized 
ci'iistal siihsidence first in one area and then iti another. The result 
wa^ that the Jurassic period ^'d\v the formadon of greai series of 
shallnw-tvafcr marine deposits which today consist of claA=^3 sands^ 
sands Lou es and limestones. Tiiat die period was most favourable to 
marine animal life is shown by a great abundance of fossils. 

Jurassic rock.s come to the surface over a groat bolt of cnuTiLi'y 
c:^tending from the Dorset coa^t lo Yorkdiire and they i.indciHe 
muchj though not alh of the country Lo the soutli-cast. il: Is probable 
that at one perit hd Juraij^jic beds ex [ended a coiisidcsabie tJistaiice lo 
the w'estw^ardj buL if so they have been reinovod by erosion. 'I'his 
piT>babihty is shown by remnants tliat occur off ihc west coa&L of 
Scotland; in Skye beneath lavas of later age^ in E.aiaay and Mull 
and on the borders of Moray Firlh. 

Tho first of the Jui'aidc formations Is the Lias^ a great series 
mainly of days which Loday have be^.m cOTLS^^lidafed into shales of 
medium hardness. There arc also beds of limestone and ironstonej 
the latLer providing a source of iron ore. Variations in thickness arc 
groat. In three basins in particular^ in the Eiistol-Gloucestcr utoa. 
under the eastern part of the Weald, and in vhc Midlands thci'C ai'e 
very thick accumulations. lu the Bristol-Gloucester area a thiokiiess 
of about SjOno JL been proved in a deep borehole at SLowell, 
near IVorthleachj whereas hi other a.T'eas it is not more than 500 fL. 
thickj and elsewhere again, even where other Jura'j.nc iitraLa are 
presen tj the Lias is absent. 

Several derivations for the word 'Lias^ have been suggested. It is 
undoubtedly an old countryman^s term^ and the most likely .seems 
to be from a fiat stone. In the claydands [■?£ ike Lias stone 

beds have always been valuable. As in the ca.sc of Lhe Coal MeasureSj 
an important product though small in percentage of the w'hole, ha^ 
given its name to a great containing masSn 

Next in the Jurassic system comes a group mainly of sbuIJow- 
water limestonesj ibc Inferior Oobte Series. Many of these lime¬ 
stones are composed of small rounded graiiiSj reminiscent in appear¬ 
ance of the hard roes of fishes. Each grain is an 'oohth^ or egg-^tone 
and a rock that is comprised of ooliths is an ‘oolitek But the scries is 
extremely variable in composition and it contains numerous subor¬ 
dinate clay beds and sand beds. A deport of special economic value, 
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fuller's earth p, 234.) occurs in the middle oT liie 'icrlea. 11 
r^me ha,^ been ):orrowcd and given capital inilJal letters to denote 
the g^oup O-f beds iu which it occurs. Hence TuHer^s Earth' is a 
Jurassic Ibrmation^ whereas Tnller's cai'th" 1^ a substance of com- 
merciai value^ obtained both from the Fiiller^s Earth and from some 
^:^ther geological forinadonf? {.s^£ bdot/j, p. 70). 

The Inferior Oolite Serioj^ it! followed immediately by another 
limestone gronp^ the Great CioliLe Series from whichj in the Bath 
di strict j great quantities of building stone have been quarried. These 
two limestone series arc follc^ved by a widespread but thin lime- 
^toiiCj the Conibrash. a name redolent of the country hi dcn Bra^h iw an 
old counti y word for a rubbly soil^ or for that matter, for rubble of 
any sort. It may well be connected with. 'breccia^j a deposit of 
angular rock frag-rncTits. This bn-iPHtone counti’y has long proved 
to be excellent corn-growing landj and where the limestone lies just 
below the ground surface^ fragmencs are easily torn up during 
cultivaLionj to form a rubbly soil. The name Gornbrash was given by 
William Smith to the formation hi 1815^ but it may w'ell be much 
older as a farinei^'s term. 

The Gornbrash in the Bedfordshire-Huntingdon&lilrc district is 
followed by a succession of clays^ comprising the Oxford Clay^ the 
Ampdiill CUiy and the Kimmeridge Clay; three formations with 
place-names. In the southern half of England thi^ suoceJS^^on is 
interrupted. There the equivalent of the Amp thill Clay consists of 
sa.ud and limestone beds somewhat similar to tlie Great Oolite. The 
limestone contains many fossil corals and Ls consequently known as 
the Corallian. The Kimmeridge Olay again wa« succeeded by 
anotlicr oolitic formation, present only ir the :vOuthciTi pan of 
Englandj i:he Portland Beds, from which the Portland building stone 
is obtained. 

Similarly to the lias^ all these beds possess tine characteristic of a 
thickening and thinning from place to place^ resulting fir>tti slight 
and irregular crustal movements while ^cy W[^e being laid down. 
In the Kent-Sussex area the concealed Kimmeridge GJay w^ 
proved at Mounttield, north of Ha^llngs^ to be over t.^oo ft. thick, 
'whereas at Dover it is only S ft. 

The Jurassic period closed with ihe great part of the British Isles 
as a land tracLj undergoing the normal process of erosion^ but a lai’ge 
lagoon or lake or possibly series of lakes extended over the present 
south-eastern England. Owr this area Purbeck Beds were laid down. 
These include characteristic Jurassic clay^ ]imcstone and .'landstone 
typc!^ of roekj but whereas the fossils of the remainder of the Jurassic 
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are all marines those of the Rirbech Beds are largely, thoiagli not 
entirely^ rrc3t-wai;er^ the earlier part of Pur beck tinres having 
been marine. The clnnate scema to have been hot^ for as happened 
during tie Trias, and as ha.ppciui in hot de.^iei ts today, the niaidne 
lagoons dried up and thick beds of gyp;>uni were formed, drat ai^e 
now mined extensively in Six^nex. for lie prcparaiinn of planter of 
Paxis and other cements. I'he Pur beck beds coxiLiiu shelly lime- 
stones^ which were originally banks of living fresh-waier shells, These 
take a hi^h polish, and furnish the Poidrecl: LVlarble wliioh has been 
used extennvely for fine interior decoration in many of onr cathedrals 
and churchoa. 

The tra^Lsidnnal Jurassic^Cretaceous intei’val was one mainly of 
erosion. I'he relatively minor earth movemenis that had caused 
crustal depression first Irere^ then there, throughout Jurassic times 
still couiinued^ and many areas of Jurassic su'ata w^ere strongly 
folded before any newer rocks were laid down. 

The Sun’ey, Kent and Sussex tract of country^ howevcTj appears 
to have renttained below water tlrroughout thijs U’nnsi.tional periodj 
for sedimentation w'Us oontiuuous from the Purbcck into the lowest 
of the Cretaceous BedSn There is no denudation plane to mark the 
separation bcUvccn die Jura^dc and the f;]retaceous. although tl^cre 
h a great uttconformity elsewhere, 

Cretaceous System 

Strata of the Cretaceous system are ro be found to the east and 
south-east of the Jurassic both at the ground surface and deep 
beneath still newer rocks. The most important formation is the 
Ghalk, ihe topmost formation^ which crops out lo form Salisbury 
Piaiii^ the Dorset Heights^ the XortJi and South DownSj and the 
Ghilteni Ilills^ which continue into the Gog-Magog Hills of 
GambridgcshirCp and so through the LincoJnsTuro Wolds into York- 
sfilrc* The central ridge of hiJJs of the Isle of Wiglit is also Chalk* 
The lowciit Cretaceous strata arc those clays and sands I'efcrrt^d to 
above which are con.tinuous with the Purbcck ; ihey ^;^ccur over 
a very restricted ai^ea of part$ of Surrey and Sussex, The area of 
depres^oHj marked originally by the Pur beck Beds of this distiictj 
gradually widened aixd deepened. TirsUy the Hastings Beds—also 
sands and clays—then the Weald Clay were sxiccessively deposited. 
The latter is present beneath newer strata ovei’ much of sonlh-eastem 
England as well as at the ground surface in ihe Weald. The Hascings 
Beds and Weald Clay were probably laid down in a great fresh- 
w^ater estuary - at the same time a depression -which developed in die 
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Lincolnshire area was occoph.’d by the which gave rise 
Lo a group of marine sands and clays. 

Ultimately the sea a.lso broke into tlie hhherto fresh-water Lract, 
to lay doWTX a group of bedfi which sire mainly saiidy^ but which also 
i^ntain clay and limestones. Thc$c beds constitute tlie Lower 
Greensand, and today they furnish the bulk of tho building 3^3nd 
used in the south-east of England. They also give much road-metal 
anclp of grcy.t coonomLc iTnportancc, fuller^s eartli. The limestones 
aliO make eitcellcui: building stonOp 

Crustal depression still continued after Lower Greensand ttmefi^ 
and affected a great part of southern and eastern England. In lIm: 
deeper-water sea which thus resulted, a clay stratum^ tiie Ganlt^ 
was laid down. In the We;^t of England, gy-ult, or gait, is a country- 
Tiiard;^ Xiamr: for clay and it is sdll in tise to mean clay in generah It 
Is still anoihei’ common word which has been borrowed for geology^ 
to be retained for a specific forinadon. The Gault is succeeded 
upwards by the Upper Greensand; in fact, much of the Upper 
Greensand is the ttme-cquivaicn t of the upp er pa^a of die 
Gaiilt- 

The names Lower Greensand. Gault and Upper Greensand are 
connected hisLorlcally. The first is quite iUogicah send it fully merits a 
frequently-made gibe tliat the Lower Green sand never gtccn^ and 
often is not sandn VariorL; early niuetetriitfi-centiuy geologists who 
worked in the 'VVe^?t of England had noted a thick sand formation 
which often is of a definitely greenish hue resulting from t):Le presence 
in die f3and of a high proportion of the gi'cer mineral glauconiten 
I'his bed wai called tire Greensand; it is <hvlout:ly below^ tlie 
Chalk. But the bed of 'gait' had vtot been traced across country. 
A bed of sand in Lhc Wealds although of different kind from 
that of tho WoHt Country, but also obviously belov/ the Chalk, 
had sdso been called the Greensandj and assumed to bo die same 
formation as die oiher. For some years there w-as considerable 
cDiilutiionj but uhimately the true position was discovered (largely 
by a distinguished geologist^ W. FiLton) that there was one 
^Greensand^ above tho ^ga.lth and another lielosv. The di faculty 
was resolved by cahiug one U^pper Greeir:and% and the otlier 
'Lcuver Greensand'. 

The soft white limestone which constitutes tlie Chalk appears at 
first Sight to be homogeneous throughout^ e^^cept for bands of dints 
wliicli appear in great number in certain areas. Flint bands are a 
marked feature in the cliffe of the Isle of Wight and of Sussex in 
par LLCular, 
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But indications of tlie instability' of the cari’h's crust show i:hcm- 
5ohT?s even in the Chalk. After Ufjper Greensand times a submor- 
^ejice occurred of a vast tract including a.mongKt ol lic]: areas much 
of present-day North France, part of CcrrnaTiyj Bclgiam^ Holland^ 
Denmark aj>d most of Great Britain. At lirstj riyci'^ continued to 
brijig ill mud: they had dojm into the Ganlt F^ca. As far as the 

Chalk of Britain if? ci.mcirrnodj die lowest 150 ft. or so arc in many 
places mixiLircii of rjialk and clay, known as Chalk Mark But the 
proportion of mud to chalk inaLerial gradually lessened, and the 
great mass practically pure calcium carbonate. 

There were at least three peidods wlten chalky deposits lah] down 
in fairly deep crater were raiseti up at least to come under the 
ijiflucncc of currents^ and pai^Iy to be w^ashed away and re-sorted* 

The almost complete absence of river-borne mud in the (^halk 
sea is a geological enigma. It may be thai the mrrounding land 
areas w^cT'c hot deserts, in w"hich case there would have been no 
rivL^rf?; or bmd (except for a few islands) may have been so distant 
ih^it no river-borne material could travel, the distance. 

The origiri of flint? is a second unsolved puzzle furnished by the 
Chalkj but it is generally thought today that flints wdiicli are com¬ 
posed of almost pure sihea are concretions formed long after the 
Chalk was laid dosvn. 

SxltATAL NOMnNCLATO^lf.: A DlCStESSJOK 

The fact& tliat the Lower Greensand is never, or almost never^ green 
(the grea^ bulk of its sand is either brown or a pepper-ancFsalt grey)^ 
and that it contains considerable thicknesses of c)ay^ .sandstone and 
limestonCj tiervo to bring out an important point in the nomen¬ 
clature of geological stratit, namely that many names of formations 
include a conunou roclt^namc, which is then alw^ays spel.r wath a 
capital initial iei.tcr, E>:ampJes are Lowei: Greensand; Kirnmcridge 
Clay: Lincolnahii'e larricstone; Forest Alarble. Rendered in this 
way, the mime covers all the strata that arc included in tJic forma¬ 
tion. Obviously ilie greater bulk of the beds so labelled would be 
expected to conform with the rook de.scripdon, but a high pro- 
]H>rdon may not do so. Kinameridgc Clay include:S many beds oF 
limestone, a? may be ^cen in the cliffs at Kimmeridge Bay^ Dorset; 
but Kimmeridge day with small 'ck is clay substance from the 
Kiimner.idge formation; siinllarTy "Chalk" implies the whole Clialk 
foianatioiij whereas ^cliaik^ namCjs the roek. Chalk alone, of all 
British forroational nanies^ may eau$e some ambiguity. When it 
commence.? a senience, it Lakes a cajhtal Initial, even though it may 
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refcv only to the substance; bun context usually clai'inea the 
position. Furthei’j the name of the System which includes the 
Chalk, tl'ie Cretaceousj is derived from tho T.^atin chalt^ 

alihough is mferred on page 5^^ more dian half its compononts 
arc sandstones or days. 

Koczne System 

The junction between the CTialk and the overlying beds of the 
Eocene system iy marked by an unconformity wliich undoubtedly 
represents a vast interval of time. This interval saw a complete 
change in the geogt^aphy of the European-Adantic area- Tlie area of 
Great Britain became laud -which^ in the natural course of events^ 
was subjected to considerable dennd^^.tion. But at some time during 
the transitional Cretaceous-Eocenr; time winch is marked by this 
unconformity a depref^on occurred in the crus Lai fturfacc more or 
less along tlie line of the present Thames Estuary^ shaliowdng west¬ 
wards. This wTis invaded by the ^ca, and sandv beds were laid down. 
Those J!>ands are the ^Thanec Sandsso named from the area, where 
they are most typically developed, as in fact are all die various sti'ata 
of Lhc Eocenen The nc3^t stage was that of a great rivei'. which rose 
^ome'tvhere in the wc&t, to flow eastwards. The northern bank lay 
along a line through Reading and North I^ondon. In Its large 
estuary" clays were laid down, which are particularly well developed 
around Reading, and as far souch as Southampton. Ihese estuf^rinc 
beds gi’adually change into marine types as they are traced eastwards^ 
and with the oontenaporary marine beds are collectively known as 
the Woolwidii and Reading Bcdi;?. Depj'cssion of the ciust continued, 
and a great area of souLh-eastern Englantl was inundated. Eurthev 
clay beds were laid down'which are well known today as the London 
Clay. As depression ceased the inundated area became ssilted up^ 
and sands again were laid down which today Ci>vcr great areas of 
Btigshot Heath and tlie New^ Forest. Thc?<o arc the Bagshot Sands. 

OtnoociiNn System 

Gcmtinncd depresrion in the Isle of Wight area led to the 
dejiosition of a nunriber of sand and clay beds winch ^.oday are 
present only in the Island. These include the Head on Eeds^ the 
Osborn Eodsj Bembridge Beds and Hempstead Beds, The only 
£itrongIy characteristic rock in this is a white limestone which 

occurs at tlie bottom of the Bcmbridge Beds and is knowii as the 
Bembridge Limestone- This ha^ had a local importance as a 
building stone and may be seen in a number of the older buildings 
of the Isk of Wight, 
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^Loal:l^Ii SvsiTFM 

Tbe Miocene porlnd follows the Oligocene. !Durlng fJie period 
the whole of Great Britain seems to have been land areaj subiect to 
denudation. There are no Iviiocene deposits in Groat Britain 
although they' are present in great thicknesa in some otlier parts 
of the world. It W'ita during this period tliat the Alpine mountain- 
building movements occurred, 

PraOOENTR SySTFTf 

'i'he scrir;$ of deposits next following the Oligocene arc sands 
and clays w'hich ai-e present mainly in East AngHa.. TrEicea 
appear along the crest of the North Downs and if. seems probable 
tliat a ccriain degree of elevation locally tools place after the 
episode of the Pliocene sea. This aJFeci.od sciutlr-eastern England in 
sudr a way that the beds were gradually tilted towai'ds the north- 
east. The Pliocene deposits of East Anglia are to be found today a 
litile above or at sea level. 

PLEISTOCE^■E DEPOSITS 

riie foregoing strata make up the solid fabric of the earth’s 
crust beneath Britain. They arc accordingly all placed under 
the group name ‘Solid' strata. Over tficm is spread a series of 
uncompacted deposits, largely gravel, sand^ and days. These belong 
to the present period [T denudation, and from a g[;ological point of 
view their lodgement is an intorruptioTi of thoU’ journey to the sea 
under the process of denudation, Tliis superficial matcidal is termed 
^diifth Formerly in Great Britain tlie division between the Fliocene 
and the Pleistocene w'as tabcii at the base of these drift deposits as 
seen over wide stretches of the counU-y, altliough it was dlllxcult to 
define a base in Norfolk, just aa it is difficult to detine a base to the 
OrecaceouB strata in. pitrts of Sussex and Surrey oi' to the Trias in 
Nottinghamshire, This general hor^on was convetiieni for this 
coimtrVj but It was not suitable in other parts of the world. An 
internationalrcfexence locality in Italy for the base of the. Pleistocene 
was proposed at an international meeting of geologists in and 

agreed in 1952. In coiiicquenoc the Picistoeene deposits of this 
country now include certain ‘solid’ marme deposits Isnowji as the Red 
Crag and Norwich Crag; bods found only in East Anglia—a 'Crag’ 
there being a shelly sand^ not a jutting rock. The Red Crag is to be 
seen largely around WaJton-on-lhe-Naze. Although in some respects 
it is not oiiUrcly convenient to draw the line between the Pleistocene 
and the l^Iiocene at the beginning of the marine episode of the two 
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Crag^i, they actually do fulfil ihe ircquiremenLa of the early aignifi- 
cancR of ^Pkij;toct;ne", thar is, tficy botli contain large nuinbcrs of 
^ells of modern type^ uOioreaa Coralline Crag immediately 
below them containii far fewer (see p. 55). 

From the foregoing descriptions it will be seen that Anglesey is 
composed, of some of the oldest rocks; that the newest, the 
Cragsj arc present in tire eastern part of East Anglia ^ and that there 
appears to be a progressive decrease hi age of strata as they are 
traced from west lo cast. 

Such in fact is the genei^aJ position as far as the gronnd surface is 
concerned. It comes about tl:trough the pcrsi.^tonce of reiniianis of 
the Caledonian mountains^ still to form the i cladvcly low mountains 
of Great Britain, combined witli a slight tendency of the strata! 
mass of the eastern and soutla-eastern parts of England to bcot.)mc 
tilted tot^^ards the arca^ of the pn esent North Sea. 

Even at the surface^ however^ this p?rt>grcssive arrajagenieiit is 
frequently interruptedj us is shown by the hidicrs" of Pi'e-Can-ibrian 
rochs in Shropshire^ at Gliarnwood^ in Yorkshhe, and elsewhere. It 
follows of course from the law of superposition that lower beds are 
older ihau those iTumediatoly above theni^ and therefore that in 
normal circuntstancca a hole dug or bored into the eartli encounters 
progressively older strata. But there is nowhere a gc^icral do-^vnward 
progression through all the main groups of strata of the strati- 
graphi.cy.l table. The essentially basin-controlled conditions of 
dc]iosition under wJiicli the bulk of the sedimcjitnry stra<u of Great 
Britain were accurnuJ.ated have resulted in great gaps in the 
setlucrLcej oOCiirring hctCj there and everywhere. At Nor A Creake, in 
Norfolk^ a borehole made in 195s showed Trias to lie on Pre- 
Cambrian beds; under London, and beneath SoutJr Gault 

rests on Old Red Sandstone; in Kent and Sussc::t great thicknesses of 
Jurassic rocks occur^ wdiile the Triaj; Vc, missing; and so on through¬ 
out the country. This corrLpl(3i underground arrangement of British 
sodimentary stra.ta h i Hus irate d by Fig. IV^ 2^ representative of the 
middle part of EngiamL 

The mosL important drifts of the country are those which 
wei^e carried and ultimately dcpc^ilcd by ice during the Ice 
Age^ and by torrential rivers wliicli wei^e later formed by molt¬ 
ing waters. The.^c were spread over tlie ground surface of great 
tracts of this country. In many areas the scc-Iaid deposits of Boulder 
Glayj which is a structureless mixture of clay and sLanes loft behind 
by melting ice^ completely obscures a pre-glacial topography. 
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Boulder oI;^y h consequently variable in tliicktieas; glacial deposits 
are knowji up to a. tJiickiiess of several hundred feet in some 
locaUti(:i>; wliorc tlicy filT pre-glacial valleys, ’wltile short distances 
siway they may he only 30 or 4.0 ft. tilled:. Southern Scotlandj northern 
Et] glandj large tracts of t.hc,^ Midlands^ and inuch of East Anglia 
are covered by Bouldei’ clay with these charactcrhtics. 

Dining the Ice Age, flood water whidi was derived fvoTn the 
various glaciers hid down vast sheets of glacial^ fluvo-glacijd and 
river- gi^avcls. Many gravels can be traced as chain-like depodts 
known as c^^kers and Itames^ particularly in Scotland, the north of 
England and the Es orih Midlands, Some of these mark the position 
of former englacial streams; otlicr gravels form large terraces in 
river valleys. Since then depofSiUon, a gradual amelioration of the 
climate has been accompanied by a dimhiutioii of ihe volume of 
water available for erosion and leansport. The rivers w^hicli originally 
carried. hca\-y loads of material have gradually lo^^t their power and 
today comparativoly little transport of maierial^ compared wiili 
that of ihe late glacial period^ takes place. 

Rock hardness and acje 

From the foregoing brief account of the British strata it becomes 
apparent that as regards original composition and mode of origin 
the great mass of t)ie sedimentary strata ail fall wiihin a few groups; 
they arc either clayey, sandy, pebbly^ or are limestones. They are 
disdngoiyliu.blc by their fossib^ but it is sometime.^ said that they can 
also broadly be dated by the degree of hardness that they havc 
atlained through subsequent compaction; that the older flie rock is 
die more compact it has become. 

This is perhaps true of the clayey ancL silt>- deposits of Great 
Brhain. Many of die original clays of die Cambrian^ Ordovician 
and Silurian strata of this country have been so highly compressed 
tlii^Ough earth movements that they have been re-formed into 
slaies or into phyliiteg, or^ if nol; so transformed^ have beeji indur¬ 
ated imo mudstones. The original clays of the Carboniferous 
system have been compressed into very hard compact shalesj the 
particles of which lie orientated more or Ics^ in the iame direction^ 
but th.ey are not metamorphosed. Those of the Jurassic and Orcta- 
ceoiTs aystein^ ate also shaly but less InduraLedj while Eocene days^ 
instanced by the London Glay^ are compact but arc Jiot normally 
shales; while the recent alluvial clays of our river estuaries and the 
butter^" clays of the Fenland arc far from being closely compacted. 

Sands and sandstones^ and limestone^ however, cannot bo so 
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easily fitted iiiio iliis gcJic:ralization. Many s an discone.? and lime¬ 
stones of quite iate geological age axe very wlfile other sandsj 

geologically mudi okLei'^ are still unconsoJidatcd* 

But induration a.-s the result of ptesKui'O 00 cirrospectrve of 
when pressure was applied. Mfrny originally soft 3L=idimeiLtSj even of 
Tertiary age that have been doscly in\Talved in mountaiti-biiilding 
piooesies are todiiy very hard. Thu above generalization as regards 
origii^al clay beds is> reasonably true in Britain only because, as 
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stated above (p, 59) ^ no great moujataiii-building piessurcfi have 
been applied to British strata since the Devonian peiiotl. 

The thickaess^cs given in the Table ofFoTmauon;^ onpp, 76 and 77 
arc do.^cribod ag ^representative" in preference to 'averageh A table 
of tiiia hind cannot, carry more than generalised figurc^^^ to convoy 
some idea of ihe relative importance of one formation to others. 

A sudden change in ihe o.rdi;r of thicknesses from liundreds of 
feet in the case of Tertiary <m.d Mc^osoic forniatiouSj to tJiotisanris 
for the Palaeosoic formation's, reflects a comparatively higli degree 
of knowledge concerning the former, and a liinited idea of actual 
tludvne^ses of the latter. On an assumpLion tJiat approximately equal 
thf.ckjic^seK oi'EcditnenU of similar kind would have been accuniu- 
la Led during periods of ihc same duration^ uTcspcctive of their place 
in geological time at least since the Cambrian^ tbe.^e figures aho 
bring out the total lack of equality of durauoii between the later 
periods and thoge of the Palaeozoic. I'he Oligoccnc i^eriod. with 
only a little over 500 ft. of bedsj is equated In the table with tho 
Carboniferous period^ and with other Palaeozoic periods each 
associated with some 12^000 ft. 
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Geological Suroej^s and Maps 


A ll large cciimtrieH of the world today, and rno.^t of the smalkr 
aneSj have official Geological Surveythe nature of whose 
duties 13 Jiiimmcd up in the instructions given to one ol'tlie eai’liest 
jiLirveyH on record: shall dc&eribc the land and bring the 

description hitlier to me'" (Joshua viih 6 ). The particular fanedon 
of a Geological Survey is to effect a stock-taking of its country's 
mhiei’al resources of every kind^ irrespective of any inimcdiiitc vsdues 
they ranay have. In thif^ respect the normal work of the state-employed 
geological surveyor diffi-:]';^ from that of the geological prospecLor^ 
the lattei^ using ]iis scientilic kno^vledgcr to search foj’ specific materials 
auch as ores of metaland other mincxalsj for which there is usually an 
immediate demanct. In actual practice^ however^ there k a wj.do 
field of economic geology in which surL-'e^ung and prospecting 
grade into each other. Information is accumulated impartially by a 
Geological Surv='cy for the bcocht of the general public, for whom it 
is oodfficd and Tnade available. One of the retain vehicles by which 
H k conveyed is tltc geological map. 

Eah.ly maps of surjaqe strata 

The idea of sliomng the sutfaec dhiribution of rocks and 
minerals in map form is obviou.dy one that would be likely to occur 
at any time to anyone conversant with the of maps and charts. 
As long ago as rfiS^;. tlic rhilosopkkni tff /.he ySoMty 

(Voh XIV} record 'vYn Ingenious proposal for a new sort of Maps 
of Gonnh-ySj together wlLh Tables of Sands and Cla\=^ such chiefly 
as are found in the North parts of England, drawn up aboat lo years 
sinccj and delivered to the Roya3 .Society^ Mar. L 2 tlij 16 ^ 3 : by the 
Learned Martin Lister M.D/' Sonic sixty years later, in France, one 
Jean Etienne Guettard pi'oduced a ^mineralogical map’ similar in 
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conception to Lister's, acJ tlie ensum^ hundred years saw, >n vai’ious 
forms, other realizations of Lhe same idea. Yet none of Lhese inaps^ 
howevOT valuable ir may have been at the tirae, was a 
map in the .-iense that is understood today. 


XOPOGRAPIiltiM. A>TU GEOLOGrOAL iLVFS COt3n>ARES> 

TopograpMcal and geological maps arc radically different from 
each other l^oth in coriception and construction. The former is a 
straighclbrward representation of surface featuxes^ both natural and 
ariificial. Within Uic limitations imposed by the soak of a tts 
boundary lines defijte precisely the yicas and rcktivc positions of the 
features shown; and in takes no coguiz-ance of anything beneaih the 
ground surfitce. It is to lie tahen strictly at it?^ face \^aTuOj so to speak, 
A geological map, on lite other hand, tiiree-dirncnsional in con- 
ception, and basically h the patteTii that if? produced on the upper 
^rfitcc oi' a ^olld block composed of variou^i layers^ and sometimes 
inrcgtilnr masses, of rock. These may bo arranged in any manner 
from simple to highly complex. Such a pattern may be intricate even 
on a plane sinfacej but tlie pattern xna.de ott die ground surface by 
the outcropf? of the strata is still furtlicr complicated by the irregulari¬ 
ties of surface relief. On this \new alone a geological ma.p would seem 
to be largely a matter of solid gcoinctty. ■’Xliat is true to a certain 
extent, but it is much more. It is vi tally alivC:, as it were^ not merely" a 
cold piece of geometry. It carries a challenge to Its mor to interpret, 
from Its face, the nature and arrangement of the strata which remain 
unseen below the ground as xvell as those -whicli occupy the surface: 
and to read die geological history of the area represented. 

ToPOOnATHIGAL OEQLOOLGAL EOL'KO-ARV UNf-S 

On. a topographical map a bouncUry line normally represents an 
edge of a iinite area—it may mark the limits of a field ‘ the side of a 
building; the edge of a road—and it is pcrocise. A geological 
boundary line is something quite different and it cannot always 
carry- this aitribute of precision. Excluding a "fault line' (described 
below), at its simplest it is best conceived as marking the inter¬ 
section of the basal plane of a geological formation xvith the ground 
surface, 'Fhe precision of the boundary line depends on tlie precision 
with which it can be located in tlie field, ^vhich very- often is far from 
absolute. 

In cases w'here one bed overlies another of a radically different 
rock type, as for example sandy Thanet Beds resting on Chalk, the 
base of the upper bed (whkh obviously is also the junction of the 



OEOLOftrCAL JSUJtVEYfi ANI? MAPfs 


8i 


iwo rormatLontj) may n^iually be tract.able witli great accuracy m 
the field. On occatiion even this may uot be possible. It not 
l^ossible ill the above instance in areas where the base of die Thanct 
Bedfs 00]noide& very nearly witi the contour of the ground surface. 
These conditio]i:S produce a d’eatlujr edge" in whicli Tb.anet Sand 
may be only a foot oi' so thick over a belt of couixU'y half^a-mile 
wide. This is illustratet] by Fig. Vj i. The boimdai-y between tlie 
two formations is clear bc^i.wccn A-A} but between and G-C^ 
its mspped position would vary according to the personal interpre¬ 
tation the surveyor as to where he eonsidcri the feather edge to 
cease. In cil:hcr cases the base of a formation may not be traceable in 



Fig. Vj r.—The poiiiLion of a mapped boundary line along a 
Teathcr-edge' of a geological formation usually an interpretive 
one. Whereas the boundary A—is dciinitej a Teather-edije' line 
may he correctly drawn anywhere betw^een B and C —-C-^ 
according to ihe view^s of the «uirv^eyor. 


the field over wide stretclies of country^ and its position at the 
ground surface may have to be determined by deductive reas^oning 
from other evidence. Yet again^ some geological fonnauojis pass into 
others through a series of "passage beds" as shown in Fig. V. 2, and 
still otirers rest On low^ct^ bods of similar type. 'I’he very positions of 
thrr baf^cs of such beds are^ and can only be^ matters of interpretation 
founded on evidence of various kinds^ frequently data pj'Ovided by 
fossils. In any of die above circumstanccRj were several sui’veyors 
each to map the same area indcpcitdcn tly each may produce a slightly 
different map; and each map would be of equal merit, provided it 
were ^^clf-cOtl^if^tc^lt in construe don. In geological surveying tlie 
quality of con^isLeucy in selecting the criteria on which to insert 
geological boundary lines is fundamentah 


r 
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A "fault line' b a speciLil type of boundnvy ImOn It rn:ii’ks the 
intersection of a plane of fracture and relative di^j^Iaecmcnt of the 
strata with the gronnd. siirfece^ and is usually tUstijigLiished in scnio 
way from a boundary line drawn to sliovf the base of a formation. 

On a first readme* thc^c remaiks may well give an impresskm 
that the boundary lines ^own on a geological map carry liLtle 
conviction of j^rcOitionH Such an impression w'ould be qiiile 
erroneous; it would arise by a false comparison of geological wiih 
topographical boundary lines. Much care is taken in geological 
mapping to show tiiein with ihe greatest accuracy po-^tiblc. From a 
practical point of vie many potential sliglit differences ofintorpre- 



rig, Vj 2.—A mapped boundary Une between two formations, linked by 
'passage beds' often depends on a persons! iaterpretatiom iKffcmnt 
mrveyors w'uuld place it in difiei'ent places between A—and B— 


tation arc aul:omatically canccdleti by the purely mechanical act of 
preparing a mapn On a published map involving a reduction of a 
mile of actual country to the scale of one inch, draughtsmen's lines 
are normally of a width of about one bundreclili of an inch ; the llm; 
alone then covers a belt of land fibout seventeen yards wide. AgaiUj 
it is current practice on many geological maps to show as oontinaous 
hues those boundaries which have been prcci^icly dc(.ci'minctb 
by broken lines thoie which are lows dcfmhc. 

Geological E\Ti>ENt:iE Eon map-making 

The field evidence ou whidi a geological map is constructed ii 
gathered from many sources—from natural cliff and river-side 
sections of strata^ and from quarries; from records of wells and bore¬ 
holes and from records of strata encountered in mines: from casual 
excavations for building foundations and for civil engineering works' 
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from trendies dug for water^ gaSj aeworagc and for telephone 

cables iiiid Lhe iikcj and even from spoil fi-oni rabbil: Iii-jlos; and of 
tlie greatest iinportanne and irrespective of any of tlie Ibregoingj 
from the form of tbe ground surface. In recent years air 
photography has provided a liirihor source of iiiformatfon. Tins 
proves to be particuhndy valual^le in the IcSft accessible and Icsjs 
populated parts of the world. The geological iin.crpretatiou of air 
X^hotographs is in. reality a spnef^.Uzed form of reading geological 
structure from the features of tlie ground surfjice. Evidence fi’om the 
above sources is often supplemented by nurncrous triai pit^ and 
auger htslcSj many made by geological surveyor:S themselves. To 
is added laboiato^'y work by palaeontologists. 
odiers. 

The direct information on concealed strata yielded by deep bore¬ 
holes is im='aluable. In most countriesj however^ the great majority 
of deep boreholes arc made for prospecting purposes and they 
arc put down in search for Specific economfo materials. Their 
dt3<ribiitii)n tendJi to be in groups, Eeir example^ the area of 
die Kent Coalfield has been proved by r]umero*-L& closely spaced deep 
boreholesj while tlie remainder of south-eastern England has few\ 
On occasion it may be concluded that the deep-seated structures of 
a large trjict of country which appears to b ave nothing to offer in the 
way of onoonragement to prospectors may hold a key to the interpre- 
t.alion of the geological sLi uctTires of a very wide ai'ea. Many geo¬ 
logical surveys Loday^ therefore^ commission deep borelioles purely 
for scienLific exploration. In Great Britain recent explorations of 
tins type include boreholes at Upton, Burford, Oxon. (3:770 ft,, in 
j[953), Rasblchilb Stirling [3,860 ft.^ in 195=^), Stowelf GIos. [4^500 
Ibj in 195^), Ashton Park, Bmtol (^,^95 ft.j in 1953) and Canvey 
Ijdaiid (i,75ofn, in 1953). 

RlLYOrNG A GEOLOGrCIAL 

The art of reading a geological map requires that attention 
should be directed^ not only to the boundary linosi as such, but to 
the pattern made by the belts of colour or ornament marking 
tho various outcrop^s^ and to the characters of the strata which are 
represented. 

A pattjorn stand ing by itself may ohen be indicative of more than 
one arrangement: of strata. In Fig. 3, for examplej Aj B and G are ■ 
three geological maps. Each could be the surface representation of 
several alternative solid structureSj three of which^ b and c arc 
given in each case. Some pointer to the ordei’ of superposition of the 
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strata, therefore, is egaential before tho solid gcomecry. thai: is, the 
geological structure of the area, can he road, 'I'his esaential iiilbr- 
raation is uormatly provided at the side of a map in the form of a 
vortical indes section, which is usually drawn to acaie. Thia ia 


M/iP A 


MAP 8 


mp C 



Fig. V, 3,—Eiajch of tlircc maps. A, B and C could Lc the surface 
roprcsentatLcm of several alternative geological stmctuTcs. In each 
instance three altcinatives, fl, h and c arc sho’i^n. Further lufarination 
is neceasary in order to itircrpret the ma]M. 


nothing but a strntigi'iiphicfd column to show the order in which the 
strata were deposited, tljcir average thicknesses, and any major gaps 
in the succeaaion that rnay have been produced by the erosion of 
former surfaces, The diiFerent strata are named, and they are 
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normally j^laced In tlie geological sy'^tcni to which they belong. 
Fig, \\ 4-13 a geological map wliicii shows this Ibaturc, ^nd other 
itein^ described below. 

CerLaiii conventional symbols are n.sed. Perhaps the one mosit 
frequenily nsetl the ^dip aiTow^j which show-a die direction ajid 
usually the angle oi' l:he greatest irLcliiiation or 'dip' of the strata^ as 
seen at the spot markt^d by the arrow poinl;. Sornc geological surveys 
employ "sri.ike lines' Lo show the strike of a bed; that an imaginary 
line along which rocks of th^e same geological level p. 4S) arc 
horii£onLaL A frequently used aiiah^gy for ‘^dip^ and ^sirike^ ig the 
roof of a house; the pitch of ihe roof is tiic dip^ and the ridge al the 
lop indicates die sirikt’. 

Symbols are also used to distinguish the oulciops rbc different 
Jilrata showm on ihe map. CJutcrops are normally picked out cither 
in different colours or tines of colourg^ or by patterned ornamentation 
or by both. Colours (or ornamentaiioii) and tlic symbols are both 
included in the vcitical index .section. On British Geoh?gical Sina^ey 
maps a simple lower <-asc' letter and number combination, h used. 
The oldest fo3siIiferou*> strata, that is. of the Cambrian and Ordo¬ 
vician systems, are shown by ^a^, n'^nd successively younger systems by 
‘b" 'c' etc., to T. Subdivisions arc j^liown by index numbers, the 
figure alw'ays indicating die lowest mcmbc]’. Thus on tliese 
maps g^ indicates the lowest formation of die JurFissic system^ 
the Lower LLas^ and the topmost formation^ the Purbcck Beds. 
This 3>^tem may be elaborated by the inclusion of a Lhu'd term, 
for exam]3le where suata ?irc further subdivided on the map, A 
representative vertical index is shoWTun Ttg, V, 4. 

A useful addition to a geological map fs a section drawn to 
represent the partem produced on a vertical plane as it vvould be 
seen alortg an imaginary face exposed by a cut acro?;.^ the country 
(Fig. Vj 5 )h For very complicated geological areas u group of 
sections of this kind is frequently -shown though die sections arc 
raj’ely drawn to a natural 5 ca 1 e, jJhS they w^ould then appear so Ilat as 
to be almost ineaninglcf^s. The vertical h commonly exaggerated 
three times tlie horizontal^ but this is by no meu.ns universal pi acticc, 
£Liid other ratios are used when desirable. On British geological maps 
these aic called 'horizontal sections' but the name is not encnely a 
happy onCj for they are in poini of fact long vertical sec Lions, In 
other countries a hori^^ntal section is a section drarvn on a horizontal 
planej instanced, by tlie i^oup^ JiGri^ontak of French geologists. 




Vj A simple geological map. 
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Geo LOGIC AX 

Few geological inapjf, however^ arc complete iri themselves. 
Obvioualyj over many p?iTtH of the world, munli more essential 
geological, information is to be gained over a square mile of country 
than can be conveyedj for iriatance, on the sq uare inch of paper which 
fs its equivalent or a r inch to i mile rnap. Maps require amplifi¬ 
cation by mcan& of written descriptions^ and by drawings, to give 
detailed accoun|:s of the strata which cannot be prin.ted or the map 
iuielf. Ihese adjuncts are necessary to assiEst the map user to appre^ 
date the method on which the aurvcyTir w^orked^ and so to aid him 
in interpreting the three-dimeiiiiiotia^ structure of the couiiLry repre¬ 
sented. Ceological memoirtliereforCj arc normal complements to 



maps produced by all geological survey's. The use of such a w^ritten 
accouni may be well brought out by an appai'cnt absurdity long 
current among geologists^ yet one tliai contains mudi truth: that 
tlie function of a geological memoir is Lo ccmtradict its map. In other 
words, geologicei.l arc, in inatiy cases^ interpretative general¬ 

izations of a. of dolaii. 

"Whether tliO falleat use of a geological inap be made by 
anyone who has no geological li^ackgrouiid depeudf^ partly on what 
is required from it and j^artly on its eomplcxity. If informadon on 
the ground surface only is desired, any intelligent person can read a 
geological map within that limit provided lie appreciates tlie true 
significance of its boundary lines. From maps of simple geological 
areas he may get a good idea of the underground structure ■ but he 
should not base any imporiant decisions on his reading. Quite simple 
maps tend to presdit booby traps. But even mi approacli to an 
accurate and full reading of a map of a complcK geological area 
necessitates moTe than a nodding acquaintance with geological 
principlci^H 
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Wlule hodi topo^-aplil [11^.1 and gtolog^cal maps are equally the 
profluct^ of highly and leclniical skillsj the former h the 

ea3i{xr of coniprehonHioiij since it is a two-dimensional pic Lure of 
tlie surface only of a iracl of ground. A geological map is the more 
difEcult. in that it atf.empLf^j by various devices^ io show a tlu'ee- 
dimensional feature in two dimensions. 

The FUtsT rrEOLorTicL^L map 

Rofctfuice has previously been mado (p. 17) to William Smiih, 
^vll03e greai gift to geologica.l science wa^ the first real geological 
map. This he spent many years in conaf-tucting: foliowijig his dis¬ 
covery i:hat many strata could bo traced over the a-nm try side by 
using their contained fossils as identificauon iurlexes. It v;a}f pub¬ 
lished in 1815. He had adv-o.Tjccd fir beyond Roberi Vlor, who 
had made tlie simple observaLion thal: the oai^th's strata were 
arranged somewhat "like an (.myoidj and in map construe lion he 
had travelled equally far beyond tV^at of Marlin listcL- and Jean 
Etienne Guettard. 

In one of the puhlicatioDs. of the Nalional hluseLtm of Wales^ 
Dr. F. J. North ha^ admirably sumnicd up SmiLh's contribution in 
i:he following words: 

'^Thc eflecLof Smitlra map upon geology, upon science generally, 
and upon industry, cannot be overestimated^ for it pro’^dded a 
recognised, convenient and logical means of recording and communi¬ 
cating information relating to the earth's crust--matters no less 
important to agricultni’e , LO mining and civil engineering, and to 
social develo]3ment than to the science of geology itself'' 

MAOOLLOaFii aCOLOGrOAL MA.P OV ScOTJ./lND 

A. geological map of Scoikmd begun by John Maonllooh in i8jl 
haa perhaps not received the attention it tno^itSH A.t that liarly poriod 
in parttcular^ Scottish rocks^ V^hich are largely igneout: and mota- 
morpliiCj ’were on tho whole much leas huitPul in yielding that 
evidence from winch the .structure of the country cruild be deduced 
wiih some confidence lhan was the gi'cnter paft of ihi'-. English 
straca, ’■which an'e highly fijtjgiliferous. Although HTilton’^ great 
'first principles^ rcaulted fi’orn lih .‘itndy of Sci>tti 3 h Igneous rocks^ yet 
the scales were heavily weighi:cd against Ser?tland giving rise to the 
fir^t true geological map. It was not possible—noi- in fact is it 
possible today—to correlate widely aeparated expo^ures^ of igneous 
rocks and uufoi^sififcTOus schists ’^vith the same facility and confidence 
as was possible ’with due fossiliferoim and v/cll-bcddcd j^ediments of 
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tii^^ Bath district, oa which Smith firsL worked. Maculloclij liowevc-r, 
was farhom iguoraDt of the approach to mapjoing FtJ solid geometi^v, 
and he takes a rightful place among the tsvo or three great world 
pioneers of geological liurveying. 

^SOIhIU" ANU ^JJittFT^ G-EOLOGTOAL 

Throughout the laLLer pari: of the nhtei.ecnth century^ c^on^lder^ 
able emphasis wras placed on locating depo^ife of what arc usually 
regarded as economic minerals—coal^ iron ore^ non-ferrous ores 
and [he like. Most of the late nineteenth-centuiy geological maps 
reflected ih^s trend in that they showed only the outcrops of those 
strata w'^hich are mv^dved in the main structure of tlie earth's crust; 
that is^ strata which were formed during geographical cycles previous 
to the pre^-ent one, Tlicse strata are kno^vn as strata; and 

'solid" maps ignore tht: upload of super licial deposits 73 j 75) 

■which have resulted from the proseni cycle of erosion, llie main 
objeetive of ihese maps was. La fact^ to sliow where minerals of 
various Iliads could be exo^acLed from the earth. 

Enl that objeclivej however importantj is a limited one, uud 
about iHGq it was recognised that the types and arrange mcvits of 
rocks forming even the top twenty or thirty feet ol' tlic groundj 
irrespective of whether they were solid or^^upcrfloialj were important. 
Their importance was not for the purpose^^ of exploitation (^although 
tSiat lias come to the ibre in recent. year£^)j but in order to understand 
tlicir relationship to tlio mar^y problems affecting tlie everyday life 
of the oonimuiiity; problems of engineering such as foundations for 
building; of sites lor reservoirs and dams: of proviisif.m of water 
supplier; of avoidance of contammation of uiidcrgroujid water; smd 
many others. An effort was made particularly in Great Britain to 
map and describe these superficial deposits^ winch ai’e collectively 
knowm as "drifts^^ In many areas 'dr\iV maps have an equal impor¬ 
tance with "solid^ maps. 

TuE rUiST GEOLOGIGAR RURVEVS 

Smith's geological maps gave a great impetus to geological 
science. T 3 ieir seLCTitihc and economic value received immediate and 
widespread recogmiion. not only by rndhidual personsj but by 
various governments in many parts of the world* By 1822 the French 
Governmeni had formulated a plan un^ Carle 

geologique generale de la Francer Two geologists were selected to 
prepare tlie mapj and in iSsy, before starting work, th<.y -were sent 
to England for six months to study the English mediodg. The first 
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completed geological nirxp of Fritncc publislied in 1840. Thus 
waa eatablialied the firat state geological 

Tiui OJiOJLOarcAL suawY of Great BRirAix 

The Biitijih Ge^dogical Sui’voy was esial^lished aF^ a ptate institu- 
tioii ill 1635, although previously to that event its lirsL direotorj Sir 
I-IeuTy do la Bechoj had been engaged in maSdng geological maps of 
the West of JJnglandj and still earlier Maculloch u^s fLirnldied witli 
Iknds by tlie treasury to enable him to comj^lete bis geological map 
of Scotland. Pi'om its incepiion the British Geological Survey ha^ 
been catholic in its work. It has recorded and described with equi^l 
care geological structures, information on coalfields^ and areas 
containing mineral ores (a Mining Records OflBice was opened as 
long ago as 184.0) andocctirrences of hard and soft rocb, from granite 
and Hines tone to sand and clay^ irrespective of whether tliey 
appeared to have any immediiJ.tej or even ultimate^ economic 
importance. In additioit to publk'^hiTag geological maps of Great 
Btitamj the preservation of geological rcco^d^^ ts a major day-to-day 
duty. Many thousands of tl:LcsCj sliowing the strata that have been 
encountered in welU^ trial boreholes for mincraJSi and in temporary 
e>cposure$ of siTata, from all parts of the eountry- arc fi'ed and their 
mformalion carefully collated ^ 

SuR.VF.YS or THE Be, 7TT3H CoMMOHVV^Ar.TH 

Canada foutided a survey in 184^ and India followed In 7846- 
The esLahli^hnicnt: of ihr; CanafUan Geological Survey followed 
immediately upon Jihe urhoii of the two prcvlncciJ of Upper and 
Lower Canada in if?4o. By 1869^ an inventory of the mineral 
resources not only of the two newdy united pmvinceSj bnl: also of die 
maritinie provinces whicli joined the confederation in i86y, had 
been compiled. The Survey's geological investigadons in Nova 
Seotin brought home very clearly to ihe Nova Scotian colonists the 
impoirtance to them of their new asisociaLion with other provinces^ 
and it i.'t claimed for the Geological Survey of Canada rhat its mid- 
ninetecndi-ccntury work greatly assisted in cementing the confedei’a- 
tion of provinces into the united country of today. That this claim 
has substance is f?howu. by a stipulation made by British Golumbia 
in its terms of confcdoratlonj that that province should receive 
adequate geological a&sistancc. 

A prospectii^g search for coal in India^ undertaken in 1836^ led 
to the setting up of the Geological Survey of India in 1846. This 
continued with excellent organisation and with broadly based 
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ruiictLon^ until ifM-7? ’vv^hen iL wtts s^plis-. into two p^u’ts^ one lo be 
controlled by India., tbe other by PakisLan, 

New Zealand's Survey^ founded in 1SG5J h run on lines :shTiilar to 
tho.se of Gi’eaL BritainAustralia followed raLtier later, the ^-everal 
provinces founding their own matituLions aL varioiL't dateft between 
2851 and rCgtin Acdvicica at first were directed very largely towards 
tiic discovery of mineral ores, with water Bnpply as a second 
objective^ parLkularly in Soutli AustraHa and Western Australia. 

In ABrica geological survo>-s were somewhat late in startings 
aldtongh a certain amourkt of geological investigation was carried 
out with official encouragement round about tho bcginniitg of the 
present century. The first survey as an insdtuLiDnal body wa^ formed 
in the Trans\^al in 2903 and was incorporated with the Geological 
Survey ol'Uio Uni.on of South Africa when the Union was founded 
in icjto. Various surveys for other regions—-Xigeria;. Gold Coasts 
Southern Rhodcsiaj Tanganyiky., Ken.ya. Sierra T.eonc, etc.—'were 
established boLwcen 2520 a.ud 2935, 

FortErGN OEOnOGICAL SURVEYS 

A number of individual states in the Unii.ed States of America 
set up early geological surveys. In North Carolina one was started 
in JG24 ''to furnish the public an account of the various us^cful 
prod not! oris of the miiicral kingdom."', and it is iTitcrc5^ttrLg that Lhe 
licst item on the list of these "useful productions' building stonej 
followed by 'l<>sslb' (which then included inorganic as tvell as 
organic substances) to be used in agrieuliiire or domestic economy; 
metallic ores are lower down the list. 

Several other American States set up geological surveys bcfoi'c 
1840^ and in 2879 the federal United States Geological Survey came 
iiito being, and today is one of the most importsmt in the -hVorld. It 
has not absorbed the surveys of the separate States, but has a.^sumed 
charge of tlioae featurcfi which arc of national import a22cc, 

Spain insi:itui:cd itf? f Ecological SuiYey in 18.4b, and between r8^^o 
and the end of the cenLnry surve^^ were iiistirutcd in Germany. 
Dcnmaifk, Sweden, Holland, Switzerland and Belgium. Th.us it 
canitr about that in the first half of the ninoLecnth century countricj^ 
widely .spaced in Europe^ North America and India adopted plans, 
imder gtivorntncntal auspicesj for the scientific surv(y of their 
respective countiy'^ mineral wealdi. They were followed daring the 
second half of the century by almost every other country in the 
world. In the early >nears some geological survc)^ ran into difficidiies 
and quite a number stopped workingj in many cases even before 
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ihelr projuCtL'd geological coiriplet.c, Tlic rca,^pn is n-ot 

far IjO aoct; it l^y in '^n admini.^U’aLivt^ vioVr^ liat on^:^ gcologicaJ 
map had boi'n mad ft SLirt--ey opcraiions^ -^vould bo coniplotod. That 
tliis \i.c.w slioiild have bften tield is qiiko iifidersUndablej f-ivine llioie 
had been neiLher dme nor opportunky for an appreciadoa of the 
sLgrdlicance of the new typo geological map to develop. L'nforLu- 
nately even today confusion of ideas concerning geological maps 
is still very prevalent. 

Fortunately during these early years of development the BrlLish^ 
C^lanadian and Indian surveys maintained their position, although 
o.ot alwa>=^ witliout difficulty. The administrative view remained for 
many yem'S substantially that of the heginning of the century. In 
Great Dritail]^ for example, pressuie was exerted from time to time 
on a succession of Directors of the Geological Survey to formulate 
planf3 for completing die geological map of the country^ and for 
closing down their department. It was chiefly tJmough the long¬ 
sightedness and ability of these i^ame Directors that larger views 
gradually came to be appreciated and accepted; \new^i Vidiich have 
led to the I'u-csNtbhslnncnL of moi;t, T not all, of those surveys whfeh 
in the first instance fell by the -^vay&idc. 

Geolooigal surveys and the publtcc 

Up to and including the firtt decade of the twcniieth century, the 
great majority of the public knew lit lie of ihe work of ihese scientHic 
institutions. Howrever great l:he vision of a few far-seeing individuals 
may have been, geological sut^^eys could not demonsti^ate Timm 
worth until they had the wherewirha!^ in the form of reliable 
geological information^ lo do so. This was only to he gained by slow 
and f^ieady investigations. As time went on the cumulative value of 
Lho work enabled data to be furnished in increasing quantity to such 
Specialists mining engineers and civil engineers. The public^ 
without being grca.tTy avt^are of it^ gained as a resuk. 

With ihc outbreak of World War unexpected questions 
conceimkig natnrjj.l resources of all kind^ suddenly arose from many 
quarters. Geological surveys were able to ans^ver many of these 
nnmediaLcly (rom their accumulated Itnowledgc, and in many other 
ca^ea they wei'e able to ai&ist very miiterially in speedily j^roviding 
answers. This drew wider attention to the facilities which these 
institutions offered, and the dem^ind for geological information 
grew rapidly. It might be if the phrase may be permitted in the 

present contesij that geological surveys were put on the map^ in the 
eyes of the generaj public, by World War I. 
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Ill World War II^. as in World Wt'ir Ij gv^ological surveys evevy- 
wtierc 'woTc especially active ^ Geological maps of cTiciny terriiory 
wei'o pfirticularly valuable to aJl belligei’eniSj aj they formed a basis 
for the consideration of such dlvoi^sc mattci’s as water supply^ landing- 
grounds for aii't;ralt, '^olng^ maps for arnnoured vcliicleSj and many 
orhers. A war-thne experience of per genial Interest to the present svriter 
Tvas to see a copy of a geological map of die ^ont:h“cast of England 
that had been captured from the Germans. I'his map had been 
Ciipicd from a Geological Si.in.^cy of Great Britain publication 
written by himself and had been overprijited in readiness for the 
projected Geiman invasion of the c^mntry. It gave full directions 
concerning routes over open country to be talten by the different 
classes of armoru-cd and other vehicle£^j according to Lhc nat^uc ol’ 
the strata to be Lraversed. 

These calls for informaiion produced, a further pj’oblein. As at 
earlier pcTTods it had become apparcni LliaL thr: geological map by 
itself wag iiisuffiieieutj ard iliat explanatory memoh’s were a lieccggity^ 
30 later it became obvious that even so, only a part of the detailed 
information that was being galhetred could be given in published 
maps and memoirs. The fact that -merubers of the non-gcological 
public as a wliole^ including many with professional and technical 
qualifications in other directions^ are^ in tlte nature of thingSj unable 
fully to interpret the geological map was aho forcibly brought out. 
The duty of answering specific enquiTies of a geological characrer 
has therefore gradually become a very important part of the I'Ouunc 
work of most geological surveys of the world- 

SpjiiCiAL i^np.vELTMUm-Ta or geo logical sukvuYs 

With the advance of geological science, the technique of geo¬ 
logical .surveying has aho progressed, iso rhsat tod^ty spceialization in 
certain branches has become imperative. Every geological survey 
include^l today a numben^ of tipccia.l dcparLment& diat are essential to 
its proper functioning. Not only is a highly specialized knowledge of 
fossilsj rocks and minerals demanded^ but the -^tudy of specimens 
subniLtied to these departments from the field surveyorr. requires die 
employment of much laboratory ec:[utpmerii.- lu ihe early days of 
geological surve^ung both ma.j) and memoir were to a great extent 
iiidividna.l effort's. Tim pToduction of their modem counterparts 
resul<:ii from team workj shared equally l^etween the field surveyors 
and the palaeontologist, the petrograplier^ the chemist and the 
geophysicist. 
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Gll0.t,OC^IGAL .'tUR^YS AND WAl'litt SUPPLY 

Following the eslLibliEinient of sound geoJogical iji-jjudplcs at the; 
end ofthe eighteeiith century^ h became clear that the chiITActe^i^ 
of rocks ?ind tJ^e geological arvangcjnent of strata must affect 
the jiatural iitorage of underground tvatcT' Chap hr VI 11 ). 
No Umger was some liypotbelical and my.sterTOu?^ body oi’ 
water in cavernwirJii.n the eardi invoked to aeconnt for under¬ 
ground wa.tea'. The conclusion followed that natural under ground 
reiservoirs of water should be capable of iocation by geological 
deducLioiin 

Wort on theoie lines long been one of the most important 
functions of geological j^urveyj^ everywhere h I'he fcdei^al United 
Slates Geological Survey po?^sesses a vtrry large .separate hydrological 
departmentj which hnas carried out mu eh estperimcntal wort on the 
movement of water underground. Ilolland iias its important 
Governmem Office lor Waicr Supply, Since about 1870 onwards 
the Geological Survey of Great Briiain hag taken much interest in 
undei'ground water, and has publiahed many data concerning it. A 
iipccial Water Dcparlmentj formed in 1934^ today plays an important 
part in our national economy. 

In Africa the search for underground water supplies is second in 
iinporl;ancc ojily to .=iearchcs for gold and diamonds^ and in some 
partSj such ai^Nigcriaj it holds Rrst place, Thi oughont the decade 
rci2f>-r939, the Nigerian Geological Survey, in the special circum- 
stancea then arhing, undertook cngiTicering duties as well tho^c 
of pure survey^ and, working on geological data and the conclusions 
inferred from them^ sank no less than 1,500 deep wcIUh It is scarcely 
necessary to sir ess the great inHucnco of this work alone on the life 
of Nigeria. 

?R,rMAIiY S_U:\LL-SC.ALE CEDLO 010.^1. iUHVEY MAPS 

Geological survey methodii of working and of presentation of 
information to the public vary from country to country in accord¬ 
ance with factors whicli include the state of developmeiil; of the 
country, the amount of geological sun^eying previously done^ the 
n a Lure of the strata, and the density of Lhe population, Everywherej 
however, after a preliminary reconnaisancej a primary survey is at 
first required, made usually on maps of small scale, e.g. i/8o,ooq or 
on : /2O0jO00 (in Great Britain it was on the scale of i inch to r milcj 
or i/G^jgSn), This stage has long been completed in most of the 
older couTitr'icSj and h well advanced in some of the newer^ but very 
large tracts A^iUj in Attiericaj Africa and Australia have not yet 
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beKii touchedj alth.ougli Um- deficiency Ls tnpidly beiiii^ remedied by 
the help of air phoiography. 

For thinly populated ti^acts^ excej^t whete economic minerals 
occur, economic coiididona may never justify mote than thh primary 
map, and its aitcndant descriptive memoii:. Aiea* fhat inciude 
economic minerals in their roeb^ obviously require closer study, 
controlled to some extent by the n a Lure of the nmieral, Mudi of the 
American technique of surveying and recording, for example, has 
been largely moulded by the search for oil, 

Dt-tatcf-d nAne^r.-scADn geological maps 

The need for highly detailed gf:ologLca 1 niaps is greatest in 
populou?> coLintrJcs. Ghdl a.n.d structural cngitioeTmg works are 
u^^ually numerous. Th{;y include construe don of foundations for 
houses. bridge-bi.iUdingj rond-making, water-storage reservoir and 
dain-buildingj cite.j trench-digging for sewerage, gas and water 
mainSj drilling water wells and like activities, Furtlierj as social 
development proceeds towards planning and regulation, as it is doing 
in Great Britain today, a geological map oftcia becomes esi^eutial to 
an implementation of policies and decisions. For e^tamplcj the British 
Geological Survey is the official geological adviser to the Coal Board* 
and Lt3 maps give much aasisrance concerning planning matters to 
the Ministry of Hous&ing and Local Government. 

Of all the prescTjt-day geological maps produced throughout the 
worlds and [darmed on a grid to cover a whole country^ the jnost 
detailed arc tho^^e of the C^coiogical Survey of Gi'cat Briuiln. Ihesc 
are on the scale of 6 mehe-'^ to a nnlc, or r/r0j.j6o; compared with 
mnpt^ of I /h5,000 of die German and some other European surveys. 
Mapping on this large scale is a long operation, and sonlctime^t is 
regarded with a little impatience by those w'ho view geologlcad 
surveying fi’om the angle of 'economic" Tumeral i-e^ources only. 
There is no doubq however^ that where accurate and detailed data 
about the strata have to be given ^ as k the ca^e for so rpuch of 
Great Britain, methodical mapping on these lines best produce;^ that 
information which so strongly influences, directly or judircctlyj our 
day-to-day" activities. 


Geologtoai. :\fT;aETrv[£ and oFricr.s 

Tn some countiies fhe geological survey is linked with a geological 
museum, which is designed, not simply as a shop window to display 
the wares of its associated survey but chiefly as an educative agent 
to teach the public the general facts of geological science. A museum 
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of this kind both adds to cultural development^ and enables members 
of the public to appreciate ibe many divection.s iu which geological 
bafoi mation may be usefully applied. One of the finest museums of 
thh type in the world is that of the Geological Survey of Great 
britainj in Exhibition Road^ South Kentiiigton^ London. This h now 
visited by some 50,000 people annually. 

A library open to tlic public is another usual feature. Many 
libraries hold copies of almost all the published geological maps of 
tliC world, a.nd of their eoiriplementaty memoir s^ and a vast amount 
ol^ other gcolog'ic.al literature. In Gi'cat BTitairi the Geological 
Survey Lihriity h housed in the Museum building. No charge is 
made there for geological services rendered to the public^ which 
may eomist of facilities for examining maps arid literature, of 
Ldentificatiou of apcoiiic saTnple;!^ or of giving unpubUshed geological 
information H 

The Geological Survey of Great Britahi has a headquarters ^md 
a library hi Edinburgh^ concerned particularly with Scottish 
geology^ and offices at Manehe.ster and Ncsvcastle, It also cat ries out 
geological work rbr the Governinent of Northern Trclaudj niairjtam- 
ing an office in Betfasi:. Up to the Geological Survey ofLciand 
ivas uni Led wilh tiiat of Great Britain, 

The above ouiliim would place a false value on geological surveys 
and their work in relation to the acquitition of geological infor¬ 
mation wrei’e the impret^don to be given that lIub was acquired solely 
by geological survey oificera. Few universities in the world today are 
without a geological department in wliieh research in all its branches 
is a fundamental activity; the scienLific staff of many museums^ 
particularly of national museums^ undertake many mvestigations 
particularly in the laboratory; various large commercial under^ 
takings that exploit the earth's primary^'products employ geologists 
in many parts of tlie glol^e; and. hiiallyj a great band of amateuri^j 
whicJi includes many specialists of the first order, find relaxation in 
geologye TJic sum total of observations and conclusions from these 
HOurccs> h immense. Interchange of data and ideas freely takes place 
between official, academic and amateur geologists. 

In the nature of things^ how^ever^ Itt all countries tlic State 
Geological Survey is the central reservoir of inform atiou. Normally 
it ilonc if> able to carry the expense of preparation and publication of 
geological miipji and mcinoirEj and is in a position to acquire^ study 
and preserve records from aU part^ of the country and to make their 
con rained information accessible to all who require it. 









CHAPTER Vr 


Geopl^sics and Geochemist^ 


I N the economic sphere in particular^ geophysical science has in 
recent year.s concerned itself closely whh strata, near the ground 
surface3 as well as with the unobservable iutcriov of the earth, Tbif^ 
has been stimulated largely by the use of gcophysieal ineliiods of 
prospecting in a world-wide seitreh for oil. Its development has been 
l^aralleled. by that of goochomiiitry^ wdnch is the science of the 
occurrence and disiribuLion of all the dernents of the earthy and of 
tlieir isotopesj both in its cinist and in its interior* 


GEOPHYSICS 

Geophysical science has now become an essential adjunct both 
to geological prospecting and co geological surveying. Its aim is to 
fornisli data tlitat-^vill enlarge the field of deduction as to geological 
structures bodi near the ground surface a.nd at a grcafx:r depLh than 
diat attainable by pis rely ofecrvabic geological evidence. In favour¬ 
able circumstances, structures that on geological data alone would 
never have been suspected have been inferred when geophy^cal 
readings have been welded with geological recordSn 

Four main methods are employed. These ar(; baj^ed respectively 
on gravity differences sudsing (torn density variations of strata j on 
differences in their magnetic properttes; on differences in their 
electrical properties; and on seismic phenomena. 

The geavutationajl method 

The most widely employed ia the gravitational method. Newton" 
Law of Gravitation leads to the cDnclusion tliat a local mass con- 
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centxatcd btneatt the earth's crusL in excess of diat of the sufronnd- 
neighbourhood uiil exert an additional downwards attraction. 
This niay be detected md measured by a suitable gravinaeier. Before 
interpreuLcion is attempted the gravimetric readings are corrected 
for variations in latitudej elevation and topography and Lhe restiita 
plotted as 'Bouguer gravity contours'^ so named from the eighteenth- 
century Fi’enoh mathematician Pierre Bougueij who first showed 
why and how elevation coxrcciior\s should be made. Variaiions from 
the normal for an area arc loiown as "Bouguer anomalies*. Local 



Fig. vl, —-Bouguer griivity centourji (Isogams). The spots mark 
stations at which gravity measurement^ were made. Iho intervals are 
in "milligala'. (A milUgal is about one millionth of the average value of 
acceleration due to gravily at the earth's surface.) 

occurrences of rock masses of high density near the earth’s crust 
therefore yield anomalies of high value, while deep troughs of light 
rocks give ri&c to anomEilfos oflow’^'^ue. 

Hg. VTj shows some Bouguer gravity contours, or T&ogams^ The 
gravity dow" obviously means that thei’e is sometliing at depdi dilTer- 
ent ft'om the surrounding structure. It will be apparent that there 
are occasions wheti evidence such as this may provide the key to 
unravelling otherwise apparently insoluble structural problems. 

The MAGNETtC METHOD 

Some minerals, instanced by magnetite (lodesfone) ^ are strongly 
magnetic, and most rocks are slighllv so. The local absence or 
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presence of niagnetic minerals may cause a local variation in the 
general terrestrial magneiic field. These disturbances or local 
variations from the normal arc measurable by a wide range of 
inagnetomeLerSn Otherwise the method of working and recording 
the results of readings is very similar to that of a gravimetric 
survey. 

■ There are certain diffei^cnctitj iiowever, A Bouguer anomaly 
may be tiie reflection of any one of a number of arrangements and 
typos of decp-^^cnatcd structures: it may Indicate a tliick but local 
mass of sands and days, or. amongst other possibiliLicSj a deeply 
buried ma&s of granite* But there are very few strongly magnetic 
rock-t)^es in the earth^s cruf^tj ^ that the readings from a maguetu^ 
survey around an ai^ea that shows a strong magnetic anomaly 
usually point to a limited number of causes. A dyke of igneous rock 
o(;curring within a mass of sedimentary strata mgy be traced widi 
great accuracy. In gcncraf bowcvcr^ the economic application of 
magnelic surveying in its present stage of developmeni is restricted. 
One great disadvantage is thaL the presence of metal—railway lines, 
water pipes, h’on bridges^ steehframed buildings and kindred things 
—plays havoc with accuracy of instrumental readings,. On the other 
hand, magnetic survey instruments can even be used in an aeroplane, 
Acro-magnctic surveys quickly give important information relative 
to vocy wide tracts of country. 

The ELncTRiOAL resistivity wet non 

Two or three methods of electrical .surveying of the earth’s crust 
are in use. One h by measuring and comparing differences uf 
rewistanco to the passage of an elective current iliat is pas^sed through 
the strata. 

It has been found that a current that enters the earth takes the 
path of an elliptical arc, and that Its penetration in depth bears a 
direct relaiionjship to the distance between tlie point of entrance and 
tile point of cxitn To apply tlie electrical resigtivity mechodj four 
metal electrodes are driven into the ground. The outer^ as shown m 
Fig. VTj the current or G electrodes, are connected to a battery or 
gencraforj and current transmitted. From the iniieTj the potcudal or 
P clectrodeSj readings of diflTorences of potential, are made from a 
connected voltmeter. Only tlie resisti^dty of the tttrata near the 
ground surface is measured if the distance between the C electrodes 
is small* As the distaii.ee between them is increased^ so arc readings of 
resistivity of a greater depth of strata obtained. Glays^ shales^ sand- 
stoncjSj limci^tones and igneous rocks of different types all pog^css 
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difftirent rcslf^tmcc values^ and in principle different beds within the 
cartlt'i? crust ai’e lo be detected and their extent ^ind thickness 
determined by this method. But numerous coniplicattnjr factors have 
to be taken into account. ■ 

The amount and chemical composition of watoi^ in rocks are two 
matters that have a marked effect on resistivity values. A iiigbly 
porous rock that concains water is usually a much better conductor 
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_Fig. VI j a,—An electrical resistivity di'cuU. Measurement of 
diffcrciit:c£ in reiistaiice offered by differeikC strata to ihe passage 
of an, cleetiie current arc interpreted geologicid Lonclusioiu. 

of electricity than is the same rock when dry^ and therefore it gives 
lower resistivity readings tlian the dry rock. Igneous rocks, wliich are 
coTupaci: and contain little or no water, have high resistance values. 

Whereas magnede survey^i depend on the chemical composition 
of rocks to give differences of readings, resi^-tivity surveys depend 
primarily on the degree of rack-compaetioii and on water content, 
the latter itself a factor of porof^ity. 

Resistivity^ survey=^ are used largely in problems^ of water ¥.upply, 
and of foundation work in civil engine ering. 
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TjkCE SELSivllO METHOD 

Tljie .geiamic mft&Iiod h tin adaptation of pirmciplos gaiitfid from 
the i^cicTitifio study of earthquakes. A charge explosives l& detonated 
in a specially drilled borehole, to produce shock waves \n the 
surrounding rocks. Strata of difTereiit rock-Lypes allow tb.e passage 
of these waves tlirougli them at different velocities. But the hcdjs abo 
have a property of refraction^ comparable with that which affects 
light w^ves and leads to the apparent bending of a Htiaight stick 
when part of it is put In watel^ The rcfractlosi: and also the roflectlon^ 
of Hhoc); waves occurs at an interface—that isj at the plane separating 
one si.ratum from another. 

Where a gj’oup of straia of one kind rests on one of aTiOthcr kindj 
the seismic velocity of the upper group is first deter mined. A number 
of detectors (gcophouc;^) arc placed On tiic ground surface^ and a 
sliot is fired from the prepared borehole. The depth lo the reflecting 
surface (which is the upper surface of the lower group of strata) ma.y 
bc estimated from tJie times tliat the reflected waves take to arrive at 
the scvcra.l geophone stations. 

Soiamic surveys have been shown to Jiavc been very successful in 
cerLain instances whf:rc tho results have £iubf5cquen(Jy been proved by 
boreholes. One in&taiice is that of a .seismic survey of the Cambridge 
district carried out between the two world w^ars by memberof 
Cambridge University, lliis led to a conclusion that Palaeozoic 
strata underlie Mesozoic at a depth of 4.50 ft. below ground surface. 
This wag put to the test by a borehole made iti 1953-54 and was 
found te be within 5 ft+ of tlio actua.l depth—a remarkably accurate 
forecast. 

Seismic work, however^ is but little applied in Great Erhain. It is 
very expensive and in die many urban areas of IHl; country it is nor 
al^vays easy to find suitalole siies for drilhng. Tlie justly stringent 
regulaiions against firing explosives in ov near built-up areas make a 
formidable obstacle. 

iNTERPRETA^nON OF DATA FROM QEOPHYSrCtVL PURVEYS 

Pof purpo^e.s of interprelationj many geopbyH[cal data are 
assembled in map form aftei- the manner of the itiogamg of Fig. VI^ 
or of surface contours. In this lies a danger^ for unless die user exercises 
considerable care and discretion he may be led into reading into 
such maps an interpretation which is -unwaiTanted. None of these 
readings provides actual geological data. They are all ^ysical 
mcasurcnientS’—gravitational^ magnetic, electrical or seismic—and 
tlicir representation in conLour-map form nottiing more than a 
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convenient way of presenting tliemn Yet a special pattern that may 
be shown by these lines must obviously moan something geological 
provided there is no exti’anoous disturbing factor. The geophyjicistj 
having fihown that concealed beneath ihe ground surface of tlie area 
he has examined there lies some structure that can be dliferentlated 
from its surroundings, then requires die collaboration of the geologist 
in interpretation. It becomes easy to allow personal views and 
whiles and even 'hunches^ to influence ihc Interpretation, of these 
contoui'-like Hues. With proper safeguards against undue enthusiasm 
and loose ihliiliing, however^ geophysical ’work, although stdl In its 
infancy, often leads to geological conclusions of high importance. It 
promises to become a major influence in both geological surveying 
and geological prospecting in future year^?, ard it is already incum¬ 
bent on every wise university student ’wdio reads for a geologieal 
degree to acquire a good grounding in physics, and a w^orking 
knowledge of geophydcal mctliod. 


GEOCHEMISTRY 

Geochemistry aitins at a quantitative asscs^sment of the compc^ 
sition of the carih, both as a whole and as rcgarch iu several parts^ 
and at the discovery of laws controlling tlie distribution of elements^ 
and their movements from one part of tlie globe to another. 

The subject has come much to the fore during tlic past quarter 
of a century, but it is by no means an entirely modern conception- It 
had it^ birth in Europe^ mainly in S’wit?:ei’land and Germany, rwer a 
century ago, bul: for long h involved little more than cleLailed 
diemical analyses ofiock^j natural wal;<x'?j and naLLual ga&es; it was 
to a great extent an appendage of peLrology. 

Today very detailed chemical analyses are still required^ bul the 
data they pro’vide are combined with others given by tiie more 
ph’ysical flections of mineralogy, and by geophysics in various forms. 

The development of geochemistry into its present-day status of a 
discipline in its own right is largely the result of fifty^ years' research 
work carried on in the United States of America, m Norway and in 
Russia, 

Among ihe many subjects that iL has set itself to investigate^ in 
conjunction with geophysics, arc two allied problems. The first of 
these is tlte origin and structoi'e of the eartJi, and of its nature in pre- 
geological time before the physical nature of itH surface had been 
formed more or less as it is today; thatig^ before it consisted partly of 
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rocks, pardy of watcr^ with tRmpel■^l<.zJ^c:^i ocn[rolled by radiation 
from tine sun. 'I'he .seoyad h the nature of the progressive develop¬ 
ment of the earth Into Its present-day form and structure. Implicit 
ill these subjects j^re the originand growTli to their present oom- 
poyhion of the atmosphere and hydrotipl-iere. 

The broad bash5 on which geology and geochemistty meet is well 
illustrated in diagrammatic form by a concept of a ^geochemical 
cycle' (Fig. VIj M will be seen^ its full cycle is from magma back 



Fig. VI, g.--The Geochemical Cycle, A full cycle is from 
magma back to magmas but various shorter cycles occur. 


to magma, but shorL circuiLs may occur^ Tn vvays the concept 

is very much of an ovei^-simplificadon, btiL ii. is fundanLentally sound. 


EcoyoMio itaES or geoohemihtry- 

Geochemistry today has numei’oua directly economic uses. 
Among rnodern techniques is one shared by geochemistry and 
minci'aiogy whereby the minutest traces of im clement or of one of 
its isotopes can be detected and identified. When linked with 
geological study^ some of the data thu^ provided have led to the 
recognition of die causes^ and thence Lo prevention of certain 
diseasesj both of man and of animals. Amongst tliese is fruorosis^ 
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produced in m;iii by an absorpiion of an excess of lluorijie, Pluorosis 
ia bolJi an iudustriLil and a iiatuial disease. The normal cause of the 
letter hag been traced to excess fluorine in solution in drinldng waterg^ 
and iheso in liieir turn liavc been connected Vidtli certain idenufiahlt: 
fluorine-bearing- strata- Fluorine produces decay of teeth^ and a 
deformation of bones tlial; gives rise to sympioms reEietubling those 
of acute rheuTn^tism, A mifd form, thotigh none the less distressing^ 
■^vas prevalent in certain restricted parts of Britain up to some 
twenty-nve years ago. I'he offending strata that yielded the local 
drinking water have been located^ and wells in it are now closed. 

An animal-wa^jtmg disease^ tcart disea^ie of cattle, has been found 
to be due to trace.^ of molybdenum. It has been discovered that not 
only are the soils that -Supply these traces of vnolybdenum to plants 
resticietcd to a definite geological ffhrxnationj but that clover absorbs 
inolybdeniini to a greater extent dian other for jus. Great progress in 
the eui'e and prevention of learL has accordingly beets iiiade- 

A remarkable geodiemical prospecting leehirique has been 
evolved^ in a aearch for minerals of particular applicadorL where 
norma] geological methods could not satisfactorily be used^ such as 
m country ’tvhere a very thick soil completely bkmkeied the under¬ 
lying 'solid' .strata, ^i^d prevented any direct observation. Samj^les of 
soil are takcii on a planned gHd, and analysed foj’ trace elements. 
Minute traceSj brought up fbom greater depth by plant=ij are derected. 
The plotted results give an indication of die ca.mposhion of tlic 
underlying strata^ and in some instances have dcflnitcly given 
informadon by which ore^bodies Iiave been traced, in situations 
where geological methods by themselves could not have been 
effective. A rehnement of ihi^ method is to coIJect leaves from 
plants cm a f^imilar grrfh burn them, and examine the ashes for 
trace elements. 
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Bored Wdh and Trial Holes 


T he lui'oof of a.li regarding concealed 

str;ita lies in actually making holes in the ground. Today inucli 
of our industrial aciiviLy needs hole-making in some form or other. 
Mining onginccTS, civil engineers^ -prater engineers^ oil engineers f^nd 
others all require them either as prcliminaricf^ to further unork, or as 
permaneiJt features. 

From eaidiesl limeH in hum an development holes liave been put 
down into the crustal rochs of the earth for two- reasons: to extract 
something whicli is e::ipected to be present though concealed beneath 
the ^^urhice cover; and to explore the unknownn Hole* may be dug 
or they may be bored by some method of drilling. Soriic acuvities 
require diggiug, but unless it is essential to make large holcf^ of the 
kind necessitated by uiming or engineoring^ drilling has many 
advantages over digging, more panlciilarly i,vhen it is desired to go 
deeply into Lhe ground. In drillings work can be controlled from the 
gromid surface; holes can be taken to depths that would not be 
possible by digging; and only a minimum amount of rook noefls to 
bo removed. Boreholes may vary in depth from a fc^v fooi: 1 jo many 
thousands of feet, and in diameter from an inch or so to some six feet. 
At Sutl.on, Surrey, some years ago a water-well ofR it. fiiameter was 
made by boring. The tecTxniquc of drilling water-holes of these lai’gc 
diametersj howeverj has now largely laded out. Pumping machinery 
is now 50 much more efficient: than it wa^, that it is more economteal 
to dig and dc-water^ and have men working at the well bottom with 
automatic tools. Some relatively shallow boreholes for water (i.e, of 
depllis of a few' hundred feet) ai’e still commonly drilled up to 
diameters of 36 in.^ but the avei’age in Great Britain is of ihe ordei’ of 
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IS iji. t:o 15 ill. In countries like ABrica. the Liveuage water-hole is 
6 ill. to S in. in diameter. 

The end in view hius a s^u^ong influence on Ehe method of drilling 
used. In what may be termed ^produedon holes^ from which water, 
mineral saU^ in solution^ oil or gas ia to be obtained, the nature of 
any rocks [hat may overlie a bed is relatively nnimportant to the 
uhimaLe end in view, except in so far as it may affect production. It 
is therefore not fundaincntahy ncccsJiaTy to take samplci^ of rock for 
tlie immediate puj-posc of a hole oi that sort, 

A great many boreholes, however, are drilled for purpa^es cf 
exploring the strata. Most of these are shallow, of depths from a few 
feet to two or three hundred feet. On the bare site of one of the new 
to Vims now intder construction (rcijj) in England more than ,P5,000 
shallow^ trial holes up to a maximum of 20“ft. depth have been 
put down. Many hundreds of similar, though slightly deeper, 
exploratory holes arc raado in cocnexion with digging coal at out¬ 
crop p. As has been remarked previously, some exploratory 
holes, notably for oil, arc very deep. 

Methods of drillixo 

The drilling industi’y therefore is a liaison, as it were, between 
the science of geology and the technical and industrial world. On 
account of the tvi^o moth^s for borings production and exploration * 
two main methods of drilling arc in use. By one, rock is chipped or 
grourul away liUtil the required dcpih is reached. By i:he oilier, a 
'core' of rock is cut out for examifiaiion (Plate IliB), A loo-per-cent 
recover^'' of a core from a cored borehole would give a continuous 
section of the strata at die borehole site, as they exist between the 
ground suj'fiice and the bottom of tiie hole. The first method Ls 
usually the cheaper and the moi’e rapid. 

Tlic oldest form of diilling i;^ by percussion. This was used by the 
Chinese more dian 3,000 years ago. Hole^^ up to 3,000 ft* were made, 
although they took some fifleen years to complete. ‘Bits" of various 
kinds according to the namre of the rock are suspended either from 
rods or from a long cable and are jumped up and down, to pound 
away titc roek. Water is poured down dry holes to keep the bit clean 
and cool^ and to mix up tho pounded rock into a slurry. Periodically 
this is remiived by a cyhndrical 'baler' which is merely a tube with a 
simple non-return \=^ve at the bottom. This valve opens as the baler 
is lowered into the slurry, and closer immediately it is raised. The 
slurry is tlien brought to the ground surface. This incthod is still in 
use for many relatively shallow boreholes for water. 
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It has been largely fsuperseded by one in which the bit is rotated^ 
but ™t jumped. It is ?>uspcridcd at the end of a sectional tube 
lowered into die hole made up of drilling j’ods or ^Jrill pipcf^'i 
normally made in ao-ft. lengths and assembled in 3's or 4"s 
according to the height of the tower-like derrick erected over the 
drilling site to siij'^port t)ie tulje (Plate IIIa). Thus effective 
opCT-ationnl lengths 0^40 ft^^ bo ft, or 80 ftsj as the case may be, can 
be inserted at will, and die tubes extended to keep pace wlUi the 
rate of drilling. The derrick is called on to sustain the whole weight 
of the drilling rods^ and these may comprise several thousand feet of 
Steel tubeSi filled ’with a column of mud. The bit and the drill pipe 
art: revolved by machinery at tlio surface; through them mud is 
pumped under high presiurc. The drilling bits are ofvarioLis designs. 
Some have cuLtiug edges which chisel rock away^ while oLhers are 
complicated pieces of mechanism comprising combinations of cone- 
shaped^ toothed roller.s. All have liolcs thraugh wliLch the nuidj 
pumped down from die drilling tig ah the top^ is cxiradcd. This mud 
cools and lubruiatcs the bit and then rises up the hole outside tfie 
drilling rods^ to overflow at the ground surface. It brings with it the 
chipped or powdered fragments of rock which arc store cued out^ and 
the mud is retui’ned to the pump. One fimetinu of mud h to prevent 
a collapse of the borehole wallsj and its density has to be carefully 
regulated to meet changing circumstances. 

Gore diilling needs biti diflhrent from the above, and different 
methods of extracilon are necessa^\^ A simple coring bit ft little 
more tlian a steel Lube ficied with a serrated cutting edge, but today 
a ^crowii^ set wdth industrial diamonds or viutii specially hardened 
steel allo}^ [an expensive item of nquipmem) is commonly in use. 
Others again combine oouo-ahaped toothed rollers and a coring bit. 

As the bit i& rota-ted at the end of tlie drilling rods^ a core h cut 
out. Tills enters a core barrel, the length of which dctormines the 
maximum length of core that can be extracted at any one time. A 
normal length ft 10 ft,;, but some are longer. 3 Iiaineters vary accord¬ 
ing to requirements. Convenient of ccires drawn for sampling 
purposes vary from 2 in* to 4 in. When ihe barrel is full it is brought 
to the ground surface which necessitates rhe’withclrawab section by 
section^ of drilling rods. The' core is prevented by a .'Spring clip h'om 
falling out of the barrel vrhile this is being brought to the surface. 
The barrel ft then again lowered into the holCj the rods being 
reassembled section by section* Some modern types of bit arc illus¬ 
trated in Fig. VII, 3, 

The time taken by these operations in coring a deep hole 
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Fi^. VII J T,— Typf^s of Eoocicrn roX^ry dcj]lLj[ig' bits. 
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occlipifts a very great proporLion of the driving tiiric. When drilting 
at a depth of 6^000 ftn for in.^taiicej and. uRing 60-ft- length53 'with¬ 
drawal of the rods involves a l:Liindred unconplinga; during each of 
whi ch the length of tube ^till remaining in the hole has Lo he gripped 
to prevent if from falling back. After extracting the ro ft. or so of 
cfjre from the harrol^ a hundred converse opei'ationSj of coiipJing and 
gripping^ have to be caiafed out belbre actual drilling can be 
recommenced. 

TUBES 

All rocks at depth are undei’ pressure from tho«c ovcrl\dng tliem. 
Unless <hey arc naturally fitrong^ as are limestones and sandstones, 
they Lend to be squeezed into any cxcavfl.iion that may be matlcj and 
particularly so when the excavation is deep. The walls of boreliples 
tlicrefore are particularly £U&ccpl.lblc to collapse:^ and. ft is normal 
practice to line with thin iron or sLeel casing tubes liio^e; sections of a 
hofo tfjiat appear liable to cave ui. These linings are expensive, and 
even in exploratory holes they often have to be left in ihe groundn 
Where mud Is employed in drillings much cT^pense over lining tubes 
can often be saved by controlling the densby of iho mud- Iji the 
relatively honiogeneons deposits of some oillieldsj holes to depths of 
over j 0,000 ft. are dj'illed without casing, Whei’e casing is requii-edj 
however^ and particularly where strata change repeatedly from one 
kind to another, wilh their varvij-^g degrees of liardncssj unUned 
depths anywhere approaching this order are not po.^^iblcH Koverthe- 
less^ during the present decade^ by skilful drilling a hole in StalTord- 
shire was kept uncased to a dej^th of 4.^228 ft.j and another m Kent 
to £^3800 ft. 

One of (he ^buctio^l^^ of drilling mud Is i-n fact to exert a 
pressure balancing thal: of Lhe straLa^ and yo to iillcnv u uiiihirm 
diameter to be maintained through deplhs of many hundreds of 
feet. Previous to its use a hole destined to be taken to a groat depth 
was made of a very large diameter at the starts and after a depth of 
a few hu]idred feet thi^ was lined -^vith tubc^. Boi'ing then 
re-^tartedj wil:h flinalfo]' diarn^a'c'rj for a u other length and ifiat 
again lined inside the outer Lubes h Subsequent similai' reductions 
each necessitated its own set of progressively smaller lining tubes. 
This method resulted in the employment of a telescoped string of 
casing tubesj sometimes with 33x or more concentric tubes at the top. 
Lining tubes are stih generally indispensable in ntany boreholes 
through ^l 0 ^t strata where coring is requhed^ biit die numbei’ of 
^strings" la reduced fronri that formerly needed. !Most holes required 
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for permanent use must in any event bo lined on completion l and 
then cleared of mud. 

Geological iktormation Am drilling 

From all the foregoing points il; vnll be apparent that the more 
informa lion avaiLable on the strata expected to be encountered at a 
proposed borehole site^ the more satisfactorily will be chosen the 
type of drilling rig, types of bit^ size of hole^ length and diameters 
of lining tubes and other details to be employed. 

But more k required^ if possible^ than details of a simple sequence 
of strata. The incllnaiion of beds and any likely rapid changes in the 
hardness of the rocks are highly desirable details. These arc important 
because it is by no means easy for a driller to maintain sLidct verd- 
cality in a borehole. Deflexions from the vertical result from factors 
like joints, faults, and dip of strata, any of which may lead the bit 
away from the verb cal by providing for it a leas diflijcult path. 

DclliTxion is of more consequence in deep holes^ say those more 
than 5,000 ft. in depths than iix shallow ones. It has been known for a 
dellexion of more than po degreefs Lo occuTj and even for a hole^ 
which began vei’tically, first to travel horizontal ly^ and then to veer 
round so that the bit actually travelled upwards. Extreme instances of 
wandering urc abided today by regular checks on verilcality with 
elaborate surveyiTig mstrurucnt&j but it is no uncommon thing for 
part of a hoJe |;o be re-drilled to check deflexion that had started. In 
diflicult strata Lhis may need to be done ijeveral times. 

It will be appreciated from tlie above remarks that dfflUng 
may be expensive. In point of fact, drilling-costs rise with depth. 
Very shallow holes cost but shillings a foot. The total cost of a hole 
4^000 ftn deep may be .£^^0,000 or more^ and a very deep oil hole 
up w ard s of ^55 0,000. 

Liaison past anb present 

UnfortnnatelVj in flic pastj the role of liaison that the driller 
holds between the gcologisi; and the engineer or miner has not always 
been as effective as mighl; have been dcwablc. Drillers have often 
been asked to do more than sliould have been expected of them- 
Boring demands a very high degree of skill—but it is an engineering 
and mechamcal skill, not necessarily one of geological description. 
In the nature of things the average driller becomes well versed in the 
differences between certain grades of rock, but he cannot be escpcctcd 
to have that degree of geological knowledge that would enable him 
to recognize all those particular features of strata that may be 
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germane to a specific line of enquiry^ jjariicul^'ly wlien }ic is dealing 
with deep borelioles. In one of the exploratory boreholes for the 
Kent Coailifildj made daring Lhc early part of the present centmyj a 
bed of hal’d rock\-i‘^s deaciibed in tlie driller'fi log as "granite \ This 
■material i/^as never given geological examination and no ^samples 
have been, preserved. Had it been true^ both the ecanomic and 
^dentific implications would have been treniendonsly LinporLantn 
The record has been the cause of mucJi trouble^ but there is now no 
doubt that the ^graniie" wa^ eiLhcr a hard lime.staiie or a sandstone. 
Precise proof could now only be obLained by drilUng another hole. 

The position today is that very deep boreholcj^ arc mostly watched 
by trained geologists who take responsibility for the care and descrip¬ 
tions of samples from the hole. Most shallow holes are recorded by 
the drillerH It i^s neither economically poSKible^ nor is it necessary^ for 
all of these to be watched by geologbts. For most purposes db'ijler's 
accoLLiits of shallow tidal holes^ that is, of holes up to loo ft. dccp^ 
and of many oLhers tltat are considerably deeperj are fully adequate. 
This is partictdarly so since in recent years boring firms have 
endeavoured to ti’ain their drilling atidJF in careful observauon of 
samples^ and in the use of standard and precise descriptive terms. 
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Pt'^afer Su/iply 


I X no part of oiir day-to-day existence is geology of more direct 
iTTjportfmce than in the pro^daion of a piped water supply to our 
homes, farms and factories. With a steadily incrcastug demand for 
W’al.er the problem ol'supply yearly assumes greater proniitience m 
many parts of ihe world. In Great Briuiin tliis progressive increase in 
demand arises from mo causes; a gradual rise in indi-^ddual con¬ 
sumption whieli began in ihe middle of the nineteenth century^ when 
two gallons -i day wove regarded as adequaUt for a oi>Ltagor and 
twelve gailonf^ for members of the upper classes, utitii today when the 
call IS for abouL tweniy gallons a head in ottr villages and small townSj 
and from Ehiny to foriy gallons, or even more, in onr cities and large 
towms. Coincidem with this rise in individual requirements there 
hits been the great increase in the population of the counhy &om 
^.bout ten JuilHons at die beginning of the nineteenth century to some 
fift>" niihioris todayn 

Some TOO yoar^ ^go piped wiitcr supplies, and their counter¬ 
party, sewi^'Uge sytil:erLi 3 , wO]'e hardly exfstciit^ today every city and 
tow'n in Britain and the groat majoidty of larger village^ have both ii 
constant piped sapply^ and a wiitor-boc-no system, of sew'orage. 
Indeed the hygienic and induyu^lai needs of modeim civilization arc 
such that tlie daily supply of piped water in Great Britain k tiow 
sometbing of the order of 1^400 million gallons - London alone uses 
330 million gallons. For the great majoriiy of purjuoses the water 
piro\-ided must bo of a considerable purity and freshness^ of a quality 
suitable for domestic use; and with rare excepdonSj all organi:icd 
piped supplies are of thiii quality, although they may be used in bulk 
for industi'^al purposes also. 
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Rainfall the HorTP,CE or water 

All water Liaed for supply h ultimately derived from ramlMK 
which include:^ all forms ofprtcipitytion-—raiu^ liaif snow^ dew 

and hoar frost. Over GreaL Britain a whole,, tho rain fall is ample 
for all requirements. Aii uich of rainfall amounts to nearly 14.^ 
roilliou gallons of ^^^atcr a square mile. The cause of the Lymriouth 
disaster of may porha^J^ be tlie more readily appreciated if die 
recorded rainfall of over thru; inches in tvv'eiity-four hours bo ii^ans- 
latod into x^o million gallons, or 580^000 tojjLS of water per square 
mile of tiic countrywide affected. 

The average annual rainfall over England is ^!^-6 in.^ wlucli 
gives an annual quantity of some 4.70 million gallons of water a 
square mile. Scodand and WaleS: each wiila an y.vcr:xge rainfall of 
50 in.j j-eeeive about 725 million gallonf^ a square; mile animaily. 
Tlic?-c quantities represent about 2^000 gallons a head each day in 
England and 7,000 gallons a head in Scotland and 'Wales-—cenainly 
sufficienl; for all our domestic needs even if only onc-si^itictli part 
were available. I'iiLriJier, ijt. ncui^iw Instanced the water is used a 
number of liines^ parLiculaiiy where a sciios of t.o^vns lies along a 
r^vcv from which each town takes a sup ply ^ and to which it returns 
its wa«,tc after treatment in its sewerage plant. 

The Iheiliry witln which water is obtained^ howc\-'cr, varies 
grcaLly from place to phj.ee, dependent on geologiealj climatic and 
other factors. Inhere in great vAviation In annual rainfall from one 
locality" to another. Wales, iN"orlii-Wc^t England and the 'West Coast 
of Scotland receive aboul; 80 in.^ and locally the rainfaJJ may 
c::iOeed ii>o in. In East Anglia it Is only about 20 in.^ and may be aj^ 
Ihdfc a;i ir ill. Also, only a fraction of the total rainfall becomes 
poLeiiLially available lor Our use. Tliere is a return of water to the 
at Elios Inhere, and indeed a constant interchange Lakes place between 
tlic atmosjihere^ the land and the sea. Tins interchange^ known as 
the 'water cycle'^ h iilListrated In Eig. VlII^ i. Rainfall h dispo.'^od of 
(t) by collocation, i.e. u=^ter returned to the atmosphere in the 
form of va.pouT^ by a direct ruiiH^ff from the ground surface inco 
brooks a?id ^strearns a.nd (3) by absorption into the ground, from 
which, however, it may issue again springs on landj in river beds^ 
or in the bod of the sea. 

The relaiive proportions of these tliree fractions of raijifall are 
difiicult to assess. In Great Brltlan an old rule-of-thumb estimate is 
diat in areas composed of absori^tive rocks such ajs a porous sand¬ 
stone, one-third is lost by evaporation and ti-anspiraLion^ one-third 
runs off the surface into rivers^ and oric-third is absorbed into the 
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In poim; of fitct ilie proportions is traced from place to 
pL-ioc siiO'Vv veiry great varif^tlon largely related to the character of 
l:he strata cropping out at the Surface. In recent years several more 
or less empirical formulae for the e.stimatiO]i of absorption into 
diflFercnt geological formations have been used, in an endeavour to 
estimate potential water supjolies. 

The percentage of uujiiial rainfall actually retained in the ground^ 
considered over a period nf ycarSj if? very small; indeed^ ii: may be 
said ihat under completely iiaLm^al conditions dio whole of the 
absorbed rainfall sooner or later flows out again in the form of 
springs. In Great Britain in particulai’^ rivers ow^e their steadiness 
of Ilow tlirougliOQt the year to the b?3lancing effect of ahsorbeiit 
straLij which store up rainfall during poriodfi of heavy precipication^ 
gradually to release it to the rivers during periods of di’ought. Other¬ 
wise^ our streams would all bo "flashyflowing in spnte or dr^dng up 
in immediate rer-pOnSe to heavy rainfall or drouglit, as do many 
riverin the $oaLh of France. 

Tiiu PLAci: or croLoOY t_\ watjik. supply 

From these introductory obser^^ations water suppJy would 
jSear'Cely appear primarily to carry a geological intei'est. To provide 
ample and conshant suppliCft^ howevc^r, rescrvnfjli'^ arc normally 
needed in whicli Lo accumulate rvater during Limes of liigh precipi¬ 
tation. It is almost wholly in connexion with storage of ’water in 
natural reservoirs widun the earth's strata and its traction diere- 
from, or in aj-tifieial Overground reservoir}^^ that geology it brought 
into use. C.)nly where v/atev is oblaincd from natm'al lakea or directly 
from rivei^s is geological science called upon to make little or no 
contribution. 

NATUItAL r>lVISIONS OF WATF.R .SUPPT..V 

It is far fi’Oiii being a fact that uudci'gtound wnatcr la obtainable 
by sinking a well arL^=^vhcrCj provided suflicient depth is reachcth 
Natural underground storage occurs in restricted belts of die 
country and only at certain localities within those belts. It is equally 
true that by no means every valley in our hills and mountains, if 
dammed up^ would be capable of retaining ’water in store. Botli 
types of storage e^uM of course be found by irial and error^ a 
prooeeding ’whiclq considering the finance involvedj would indeed 
be costly. UnlbrtuiiaLely even coday many ne^v wells axe being sunk 
or bored on a trial and error basis^ or as the result of a ^hun.ch^ on 
someonepart. Failures that could have been avoided me by no 
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irioarz£ urif^ommon. The contribution of geological science lo our 
everyday water supply is Uiar It pennies a reaEiO^iablc assuraticc of 
success before any con^trucuotial work Is staxtedj and^ whei'o 
troubles arise^ it perrnjts of an intelligent application of remedial 
nieasuj'eff. 

Applied geology nnipingos on other aspects of water supply^ 
notably contaminatio-n problemsj and in certain districts the decay 
of buried metal pipes. Actual provision and dislributiou of water 
♦ind maintenance oi'pufky and supply, ho’tveverj are almost entirely 
tire conceif'n of the water engineer. A discussLon here of the part 
borne by geology in these specific matters would verge on the 
irrelevant, 

Water supplies are grouped into two main divisions^ underground 
supplies and surface supplies. In the former case water is l^rought to 
the sitrface for human use by ai’trficial means. 

Spring supplies occupy an intermediate poEition. They arc 
derived from underground Bouj’ceSj but reach tire surface by natural 
meam^. They are, however, usually grotjped with ^smface supplies. 


UNDERGROUND SUPPLIES 

Rainfall w'hich haE been absorbed through the surface soil to 
become underground water moves through^ and is stfu-cd in. the 
spaced between the roruitituent parLs of tlie solid material composing 
the earlli's rocks. The size a.^id arrangement of these spaces^ which 
may be classifiod cithej.' 'pore^;' or hissuresh are of great inipoi-Lance 
in controlling the rate of flow and the amount of water that can be 
held in the Pores arc iuterstitb.l openings, generally bctwocji 

individual grains or pehblc.Sj which may or may not iriLorconneci:, 
whilst fissures arc cracks, includiug bedding planes aiid joints across 
the bedding. 

Porosity and permeability 

The capacity for containirig water of either a 3 [’par ate block of 
rock or of a rock bed as a whole depends soldy upon the aggregate 
volume of tbe intcrcommunicaung spaces, bof:h pores and fiesures^ 
whatever tbeu- size. On this volume pi^rosUy. 'X'he freedom of 

movement of water, howet^er^ is in a large measure conn oiled by the 
openness or closeness of ihe intercommunicating void=i. The degree 
of freedom of niovcment determines the permeabUiiy. The fact that a 
rock has a high porosity and therefore ihaf: it vvlll hold a large 




WATER 5 UP?X-y 


117 

volume of water^ k not uceea^ariiy an indLcation that It will freely 
yield a ^^uppJy. Clays are extrcnudy porous^ ^ome clays holding up to 
50 per ecnt of their volume of watci-j but ihcir- po.ra^ty is of n fiiao or 
doso typCj and for practical purpose;^ of ’vvattr supply davfs arc 
impermeable. 

Mo^t strata have some degree of permeability^ thei-e being a 
gradation from thoae of high permeability to those of very low- 
permeability. Loose agglomerates such as river gravels have high 
permeability^ and in some parLs of the W'oridj tirough not to a great 
extent in Great Britain, very=' large -vvaier supplies can often be 
obtained from them. Well-Jointed hard limestone £irau are al^o 
highly permeable. 

The softer limestones, j^uch ehalt^ absorb mudi water in small 
poresj in some case& (as iL haj also been noted is the ease witlr many 
clays) up to 50 pei’ cent of theii- volnnie. In the?je irjcka the vlsoosit)'' 
of water prevents the rapid outward liow from the nuiiatc spaces 
betsveen the grains, consequently a rveli^ of whalevei’ typt and 
constructed in unRssured chalh inay give only a negligible yield. 
From the point of view of waior .supply: these sorter limestores, 
although holding in the body of the rook Tim,ch more water titan, 
do compact hard limes conesj in point of iacl; behave similarly 
to them^ since water cfrcxilates iiij and is mainly yielded from, 
fissures. 

DiRTROiUTTOX- OF WATER WLTiny TJfiE ROGXS 

Two infiiicneeSj gravity and tnipillavity ffturJhcc tensinn)^'joiiuly 
tend to distribuLe \vaLer in pores and fessures. tlapillai-ily is inde¬ 
pendent of gravity j and under its iniluence water may move upwards. 
It depends on close-quarters molecular ;3.ttvaciion and it increases in 
intensity in passages of snuill dimensions. Thus the chose poro-'^ity of 
clays gives more scope for capillarity than the open porosit^'' of sand. 
Movement of water by capillary action has impori:anL bearings upon 
agriculture and irrigadonj but is negligible as far as crater supply is 
concerned. 'The only motive force that need be considered in the 
present connexion in relation to tite movement of underground 
water, therefore^ is gravity. 

Under the influence of gravity rainfall which is absorbed at the 
ground surface cndeavT>urs to travel vertically downward (though 
its path may locally be deflected). Were the process of accretion to 
continue wirhonc a corresponding loss from spriitgs and ."Seepages 
quite obviously ihe whole oi'the pore .spaces iu the rocks would 
become lilled: scrata would become cmivoly saturated. Complete 
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^iatuT;atioJa ^:^f a whole geological forma lion is so f:xLrem.e a case as to 
be hypothcUealj Imt gaturaiion of a pari; is a normal feature^ and 
without it there would be no elTeoLivo weJls. 

Gravity to produce a universal upper limit of underground 
saturation more or less at sea levelj liut the nctioji of the water- 
cycle, irregular ides of surface relief, local variatiom in rainfall ^ local 
differences in permeability- of strata from one cause or ^^uothcr, and 
artificial interference with natural conditions by pumpirig from 
wdlsp all mhitate against tlte attcTTipr of gra’vdty to estabiish equilib- 
]’ium. On account of the non-fulfilmetit of Lhi.s constant attempt, 
the surface of a ;jone of saturation, normally termed the Vater- 
tablo" Fig, VI 0 , is irregular In formj often reflecting in a 
subdued way the conlour of the ground surface alcove it. and the 
thickness of a saturaiod :ione in any given bed often varies 
extremely fioni montli to monch. This iliickness is the balance 
between rainfall absorbed and water lost, themselves both variable 
quancicies. 

UNJ'^DItGROL'ND WATLn MOVEMENT 

Underground water, in geuei’al, flows much more slowly than 
STii-face Walter; movoment is more difR]£>o, and In most canes tlie flow 
may be regarded as a f^lowly moving w'ave^ travelling along a broad 
front. Il may take placi; ai a movement along more or less defined 
channel wliich^ in e^ctremc cases snch as occur in many liincstonc 
districts^ produce Lrue underground rivers. In Gi'eat Britain Lindd- 
gujund streams are usually assoeiated wdtit the mastiivc limriStones of 
the Mendips^ tlie Pennines and el.^c^vltcrc W'hcio they arc common 
featured, and they ar'e not untnO’v™ even in tlic Chalk. Il has been 
proved that cor tain KfreHi.ms in Hortfordwlrirej rising in the catcliment 
area of die liivcr Colne, disappear underground at Nordi Mimms 
and SouLh Mimms (Fig. VIll^ 2) Lo reappear at the Ainwell and the 
Chadwell in the Lea Valley^ about 10 miles away, after a 4^^-dayy 
jtJurney^ Consideration of the earth's strata in general, however^ 
showTs that underground streams of this kind arc ojcooptionaij and 
Lhat as H. general rulo underground water should nof: bo regarded as 
moviTig along restricted chamiolSj nor should the conception be held 
thaL uudeigroujjid are prestniji, excepi as extremely rare 

phenomerna. In some inf^taiices of underground water movement 
may correspond in direciion more or less closejy witli that of a 
surface stream overhead. But too close a comparison wntli surface 
movements is unsafe, fiince underground movements of water may 
be very difierent from their surface counterparts. 






WATER, 


Extraction oi/ water.: ditc anij boreholes 

Geological factors have coiisidcrable bearing on the facility with 
whicli water h extracted from the gi'ound. and on the nature and 
construction of wells. Up to the eighte^^nth century, most wells made 
in Great Britain were dug by hand. Those hand-dug wells ranged m 
depth j according to geological circumstances, Irom a few fcot to 
depths of SJ50 ft. or more. It is sometimes diflicnlt to appreciate the 



■F^gr VIII: 3.—Underground movement of the rvater ht the Chafk 
near iMimins^ Hertfordshire. Water enters the dialk through 
swallow holes at Mimms, and emerges at the Am well and Chad well 
springs some ten milest to the north-east. 

skill of the old well-diggers^ wHo^ working only by the light of a 
taJlow dip, sanh to these depth? beautifully oivcular and vertical 
wells of only ^^-ft. diameter. Large yieklf; were then rare. Well- 
diggers, in the nature of things^ wei’e unable to dig more than a foot 
or two below the water-table of the stratum whicli they were tapping. 
The water-table controlled the standing water level in thei}- well, und 
in consequence they exposed only a very limited surface to ^blecding^ 
In areas where there are large ^fcasonal Huctuatioti^ of t-hc water- 
table, such as happen in many parts of the Chalk country^, some of 
these wells were deepened &om time to Lime as the ^vaier-table fell 
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below well-bottom. M£iny old wcIf.^ of type: indicate by theii’ 
dcptJis tlie lowest levels to w]iicl:L local watcr-iabUiS have I'eatihod at 
aiiy petiod .^ince the wells were began. In periods of high water level 
some oP thcRc old wells Ircdd a depLli of water of over loo whereas 
after long dry periods i[ ia nieasLireable in inches. 

It may be appropriate here to add that watei’ in quantity is 
not necesssa'ily ol:>tainable by penetrating a zone of saturation. 
It is by no means rare for a bed to contain little pore-space or 
lismre-space as to render it almost iraperjneable, yet the fewr voids 
pj'esent may stil) be saturated. A w'ater-tablo is then present but 
it ba?^ practically no influence on ^supply. 

Today most privately mvued wcHs^ and many wcUs constructed 
for public supply autbrjritieSj are boreholes, 'Ihe limif^ition on 
working at tlic bottom of a w^ell imposed by a water-lable^ that w^ais 
encountered in tlic old-typc dug -wellj is obviated^ and boreholes 
may be drilled to any desired dcpih below the vraLer-table to provide 
much larger rdelds than are obtainable from, the average dug well. 
In Great Britain the depth of an average borehole for water is about 
30a ft. from the surface but some aie mucli deeper^ occasionally up 
about i;j>oo ihj and a few are deeper still. 

Modee-x dug 

For very large supplies of underground water such us are 
required for town^ and ibr large rural districts with piped aupp-ioi?; 
recourse to the dug well is again often taken—buc with considerable 
differences from the eaidier types. In order to give a maximum 
bleeding area, vertical shafts of 3 or 10 ff. diameter are dug to 
the w’ntcr-tablej at whidi stage very powerful pumps iirc brought 
into uSi^H Digging then proceeds^ water being eondnually pumped out 
as fast it cTitOfJt, and at an appropriate depth below the water- 
table hori:iontai or ^headings" are drivenj usually about 

6 ft. high. Some of these tLuinels are of coiLuderable lengthy instanced 
by the Friston well of the Fa^tbourne Corporation Water works^ 
whicbj constructed in chalky has a single heading running north¬ 
ward from the well shaft for i| miles, live wells also in chalky which 
tiupply Brighton j together have a total of nearly six miles of headings. 
Of necessity well-sinkers who are engaged ui driving well headings 
err on the side of caution, and. install temt>orary pumps capable of 
dealing comfoi’tably widi the tna;dxnum estimated flow from the new 
well. Even so^ ii occa.sionally hap pern thai; a very large source of 
water is unexpectedly tapped^ of the ord.er of four or live million 
gaHons a day. This Impels a rapid evacuation of the workings. 
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Equipment may then have to be Icil m the heading:, where it may 
remain for years. 

WHarever tJic type of well involved ^ geological factors have to be 
considered in construction. In dug wells soft strata have to be 
protected So in coJJapsc hito tlie well^ usually by some form of 
masonryj letted 'stoinmg'; borcholeji are protected from collapse 
by driving down a fUring of mental lining tubc^, which^ as dc^oribed 
on page 109, are placed through those su'ata requiring f^upport. 

Ar,TE£. 1AN WlXLS 

The term "artesian welV is one in common use^ often with an 
implication of being Some tiding Out of the ordinary, and not infre¬ 
quently it i^^ regarded a^i a synonym for ^borcholeh The term in fact 
has nothing to do with the cons Lruc Lion of a well, and actually most 
wells are to some degree ^arlesianh 

Entirely geological factors govern the presence of aitcsian 
conditiOTis. They occur whore a permeable formation, with an oul- 
ci^op at tho gfound sutlacc to form a oatchnirmt area for rainfall^ 
dips beneath an impermeable bed. Water which travel.? down-dip is 
thereby corifmcd within the lower bedj anti is subjected to hydro¬ 
static pressure by ihe body of water up'dip. When the overlying, 
impermeablej bed is pierced aL a suitable place^ the p^^nL"LLp water 
rises up the ventj norimiUy a borehole^ in an effort to hiul its rest 
level, on the simple principle of water .in a U-tube. 

The word 'artesian" derived from the name of the old French 
province of Artolf^ (Paj, de Calais) where water'in the Ghiilk forma- 
tion is confined by overlying clays. Pressui'C ia derived from water 
absorbed die Chalk outcrop of the s^irrounding hilh. Welb of 
this t>^pe wei’e dug in Artois long ago. lliey were also made by Lrial 
n'tnd error methods by the ancients at Thebes and elsewhere in 
North Africa, The term itself, however^ dates only from the end of 
the ninetocjith ecuturyj when the geological principles of artesiaii 
supply wore elucidated. 

A simple geological struoteiro produciiig artesinut oonditionsj 
known as an artesian slope^ Ls illustrated iu Fig* VIHj 35 tliis par¬ 
ticular instance being that of the Spilsby SandsUnre of Lincolnshire^ 
a Formation that occurs in the low'er pail of die Cretaceous strata. 
Here water overflows from the weli^ whose surface level is lower 
than that of the lowest part of the Spilsby Sandstone outc]:op up- 
dtp. 

It is a moot point wliether the name "artesian" sltould be given a 
’well from which water actually ovcrllowSj or to one in ’which artesiau 
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Lincolnahire is an excellent eacKinple of an arteaiaii slope. 
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preRsm'e i.s preiient. wlieilier Wiii:cr isvcrflow^s or not. To covor non.- 
flowiiig wcUh in wliicli water le^ Linder artesian Iiead^ Lhe term 
^aub-aLf;ef?ian' has been uaed^ but many wells overflow at some 
pei'iodsj and do not flow at all at othersj so that it seems preferable 
to retain ^artej^iaid for the principle of water joressurej and to use 
'flowing’ and ^nDn-llowmg' the distin^ishing adjectives. The 
oufotandiiig example of an overllowinij artesian well, sliowti in the 
rrtJntTSpiecCj is described l^elow (p. 127). 

FlOWINCJ APLTESrAN ’WECLS IN LiNC OLNSHIUJL 

One of the mosi; prolific areas for flowing artesian wells in Great 
Britain is tlie Bourne districL of Lincolnsliire^ where a part of the 
Inferior Oolite Series, tlie Lincoliislrn'c Limestone, dips oastwnards 
from its Outcrop at the Lincolnshire Wolds, to be overlain by a clay 
formatioTu Tlicir geographical distribution is Eho\™ in Fig. VTII^ 4. 
In areas such a^^ tliis, once an artesian wcJl is made It often, becomes 
most diffleuk to pliig it should it be itoccKsary to conserve supplieSj 
and many of these wells are now permaneni springs. A vtu^y large 
spring at Bourne^ the source of tlie small perennial so^eam from 
which the village takes its name^ ^ives rise to a j^leasant conjecture in 
xhh respect- Tliin spring rises from the Lincolnshire Limestone 
through at least 70 ft. of elay, Tlicrc is no cvidcnco oPany gcolog" 
ically weak spot in the clay^ i^uch as may bi^ produced by a Ikult or 
fracture^ and it is difficult Lo imagine a pressure head of waLer itt 
the lirnestone sufficiently su'ong to force a way tlirougb such a 
mass. Tin:, ftitc of the ftpring licad and the thi.cknes& of day proved in 
suiTOLiiidirig borehole-^ arc aho shown, iii Fig. VIII, 4 - A fca.^ibJc 
expIanaLionj buL one based entirely on supposition^ and it must be 
emphasized devoid of arty historical evidence, is as follows: 

At some distant period^ Roman or pre-Roman, local inhabitants, 
in a search for water l^y trial and error methods^ may have begun to 
dig a well- Wlicn da.y had been retnoved to a point where cover 
became iusuftioient to withstand the upward pret^i^ure of the water 
in the underlying limestone^ a ouL^ may have been produced- 

Water tlien rushed to up tlie surfacCj to flow permanently. 

An audientic 'spring^ of this kind does rise at Quarrington, near 
Sleaford, h’om a borehole, put down in. a forlorn search for coal, 
made at the end of the eighteenth century. After drUJing through 
abour 90 ft* ol'day, bmostono was sti'uckj water burst out violently* 
and gave rise to a small brook which haa flowed ever since. Numerous 
similar ^springs" occur around the Saltlieetby villages, and some are 
indicated as such on tlie 6-in. scale Ordnance Survey map.^ of the 
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district. Here water rises finni borefioles drilled diroagh clay into 
dialkn Most of tliese artilieialiy produced springs; are adjacent to, 
and supply, private hoi.tses. From a casual glance at the nrapj a 
natural inference ’vvxiuld be that the houses were built near to pre¬ 
existing springs h AoLiially the houses were there hrat. 





Fig-. VITI.. 4-'—^E'hc EnuiTac district of Luicoh) shire is 
partLcuIarly tavourablc to the com ^ruction of flowing 
artedan weUs. 11 also contains a remarkable spiing. 

VaRIAI'ION IW J^OV.ND WELL^ 

Locally permeability may be lostj or it may improve^ in course of 
timCj depending on. the reaction of the water-yielding rocks to the 
rapid Tnovemont of waLer through them. Of particular importance 
iu the ca^c of many boreholes is the fact that water movement may 
be extremely rapid in the rocks immediately surrounding them. 
Most percolating waters contain some carbon-dioxide in solution. 
Such have a solvent action on limestones, botli compact and wcixk. 





V/ATER EL-J>PLV 


Tu liTTLi.^si:yRc foriTijiLLQns rapid inavcTnrnit tonds t;o wash out fissMrt’s, 
and also to wldon them by the gradual rcmiovnl of th^^Lt^ wal]^, Per¬ 
meability is thereby ^neveascd, and cons equenlly wells in liincHLone 
rend to improve tlicir yielding capacity as time goes on. Wiiiie many 
sandstones of open textnreSj such as fire encountered in parts of the 
Midlands^ also maintain tlieir permcabiJhy over a long period oF 
years under consistent condi Lions of heavy purnping. oLher sand- 
stonesj par^dcularly in cases where diey coEitain a proprirtion of 
material of silt and mud .grades, or where the cementing maLerial, 
such, as calcite, is soluble in waterj are not so reliable^ for the 
■underground flow of waier Lowards a well may Cfirry the flner 
grades of rock material wi.th It. and ihcse nuay In time hJl up 
pores in diC immediate neigh hour hood of a well causing a serious 
loss of ]3ermeabillLy, In extreme cases the well itself inay become 
partly filled with sIlL. Sohittiou of a cal cite cem.cnt may convert a 
sandstone immediately ai-omnl a borehole itUo a hjose ^and, causing 
collapse of the rock and an a i Cendant res die Lion of flow. Various 
methods ate employed to overcome diese difficulties^ sudi as by- 
digging wclb of large diameter to give extcnsi.vc ydeldiug surfaces; 
by employing sand ^soroons of various types to keep [>ut: flxic mntci’iaJj 
or by firing shots at the bottom of wells to shatter the rock and 
thereby to increase Assuring. BuL in niosL cases^ where troubles of 
this type are to be exj^ected, die most effective method of ensuring a 
consistent yiold Over a period of many years is I'estriction of the 
quamity pumped ar any period to an aincuint which y. wcil is 
capable of yielding withoul ]3rodiicing an nnrluly high velocity of 
flow in the immediately'' surrounding rocks; that is^ wiihouf produc¬ 
ing conditions which give rise to a constaniiy developed steep cone 
of depression. 

K-Aturai. ■[j>roHR.{^n.ou^n^ rrsv.rvoirs 

It will he immediately apparent that iiiose portions of permeable 
strata which con Lain water under artesian head are natural under¬ 
ground reservoirs of water. A study of the geological factors concci'n- 
ing them leads directly'' to a consideration of the gcol.ogicy.) factors 
that arc favoiurable to the formation of natural underground 
reservoirs in general. 

Many resetvoifR arc to be found along die outcrop.s of permeable 
strata provided the beds ai^c (hf snlflcienL tliickness to retain a con¬ 
siderable quanLity of waier. Water tends^ however^ gradually to 
drain away from them at sjDring lines or seepage lines. The water- 
table within these strata wUl normally be liable to gri^ai: iluc-Euation 
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ill relation to rainfall. For example^ a well at ChLlgrove, West 
Sussex, haij sin own a range of fluctuation of no less than 14.0 fl. over 
a. period of a ccjitury, and in a well at Lhton Cheiiey^ Dorset, tlio 
water-table fluctuated from 83 ft. below surface to ^0^ fi:^ below 
surface during the flve yoar.s 1934-39. Ncvcrthclc.sSj in f^pite of this 
disadvantage, supplies are usually obtainable ail the year round at 
]3laces where a combination of thickness and iiigli porosity^ of the 
beds T]:Lvolved. ensures that sufficient of the rEiinfi]). of wet is 

stored t:f)niibvtably to tide over all but extremely long spefls of dry 
weather. 

Artesian slopes^ described above^ are common geological 
structures. They occur wherever permeable beds dip under imper** 
meable beds^ and in theory any permeable j^tratiiTn so arranged 
should proyrde an underground rcsei'vt;iej but in pi^acl.ice efficacy 
ohcii depend?? a.if^o On other ILiniiing facLors. 

Tlie geological struct are known as an artesian basin is simply two 
opposing artesian slojDes^ and is exemplified by the CVialk ari.i^sian. 
basin under London. This has a north ward artesian slope from the 
Pfortb Downs and a southern froTu the Chilterji Hills. In point of 
faot, the wes^tcTu cud of ihc London basin shows a double artesian 
struciiurc. Fig. Vlilj 5^ illustrates a geological icetiori fruin tht: 
Chikerii Hills through Slough to ihe North Downs^ in which the 
Chalk is seen to form an upper bad n, in the lower pati of which water 
is under pressure from nbat eontained up-dip in the respective slopes 
townards the Norlh Dowhh and the Ghilterns. This is underlaid by 
1:ho impormoablo Claultj below which lies the penneitblo T.owcr 
Ofccnsand, in whicli waier is under pres jure from that absorbed at 
tlie Lower Greensand outcrops in Surviy and Hampshire (Leith 
Hill-Hindhead areas) on ou.u side, and in Bedfordshire around 
Leighton Buzzard oii the other. I'hls lower bed provides several 01 it- 
standing examples of artesian wells. The Fronthpicce shows the 
overflow from a boreliole at Slough that gave 350^000 gallons an 
hour from about i.ooo ft. below sea levd and formed a ^gusher" 
which rose^ until capped^ 30 lb above the surface. There was a 
pressure of 43 lbs. to ffie square inch at. the ground levcL Anotlier 
againj at Staines^ touched the Lower Greensand at 131340 ft, below 
sea level to overflow at 30,000 gallons per h.our. 

GoOLOOJCAX. FAOTOE-S ADVIiRSli I'U NATURAL STOElAOE 

Some geological factors are adverse to underground water 
storage and often occur where condhions at first sight may appear 
favourable. It is by no mcaruj uncommon for a bed wliic^i is highly 
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permeable at the grouad surface gradually to lose permeabilLry as u. 
descends underground, either as a result of actual change in roci- 
type^ for example fr om an open sand to a clayey i^and^ or as a result of 
compression due to the weight of the overljarig bods* It is rare for 
a.ny iarg[^ supply to be obLahied Irom dialk which 1 a overlain by 
mort; tlian 400 fl. of ati'aia. 

Geological faulis ofien produce moat complex conditions^ that i^l 
some circumstances favour storage^ in others militate against it. A 
fold may assist in. or it may preventj the accumulation of bodies of 
water, according to local circumstarLces. The thickness of apermeable 
bed may be considerable at the surface^ but beneath cover the bed 
xnay thin out rapndly^ even to serOj and thus fail to give that storage 
whioli surface evidence riloti.c would poL'tend. Close geological 
invesdgadon ia thcrelfjrc necessary to l:he task of detecting and 
delimiting naiural undrrgrriund storage areas, 

WATER-BJiA]ei.lNO FORi-LLTIONS L\ EnGLAITD A_VD WaJLES 

It is fortunate thai tfie Midlands and eastern and soulh- 
eastern England^ wliich have a i el a lively low rainfall averaging 
30 in. (though much less in some distJ’ictilj contain some of the chief 
watcr-bcaiiug strsita of the oount/y. These strata cotu prise Several 
exLCiislvO sorius of pi^rmcablc gco 3 ogiejd formations^ whoso general 
dbLcibiidon is diown In Fig. VlIIj G. 

Of diesCj the Chalk h by far the most imporlanf.. Numeicms 
towms and villages are supplied from the chalk w^elk of Salisbury 
Plainj the Dorset Heiglits^ North and South Downs, the Chiltern 
Hilb and til civ continuation through Lincolnshire and Yorkshire. 
Along the south-eaf^t coast Margatej Ramsgate, Dcal^ Dover. 
EastbotirnCj LitLlchaniphon, Seaibrd^ Brighton and Worthing all 
depend eiiLirely on chalk wellsj and olher coasial towns such as 
Portsmouth^ Southampton and Eoumemonih do so in part. London 
takes abcjut 45.000^000 gallons from underground sources daily— 
about 15 per cent of its total consumpiion. The Chalk also underlies 
la.T'ge arc^s whose ground surface is occupied by more recent scrata. 
Soutliendj Chdmsford, Colchester and other towns are fed cither 
wholly or in part doin wells put dowm into tlie Chalk at depth 
through overlying formations. 

.i^noiher imporLant group of pcimoablo strata oomprlses the 
oolitic limestones of the Jurassic system, crop out over a belt of 

country running through England from Dorset to Yorkshire, arid 
include as their chief members the Great Oollie Series and the 
Inferior Oolite Series. Each of the^e groups of Atraca is complrit 








Fig. VIIIj f>.—The njCtiB of Great EritairL 
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of &uperim]:osed of limestone^ clay and sands Lone whicfi 

change in character, thiu out^ or finger into each oilier laterally in a 
most di.sconcerf.ing manner. Their variable nature is leilectcd in 
many vagaTios iu ivaier supply in the Oolitic belt of country. Springs 
abound Eind tome ar-e very large. Most of them fluctuate in synipailiy 
With r[tinfall, and may dry up a.ftex periods oC drought. A deiailcd 
knowledge of local geology is particularly valuable in a search for 
new water-supply sites in these limc^^tones. 

Triassic sandstones constitute a third wal:er-bca-ting belt. The 
pej’meab.ility of these sandstone bcd^ very high and in consequence 
they yield iheir water readily aiirl the waier-tables are practically 
The diileren.no bet^-ren tho masimnm and mini mu m water- 
levelfi in cei'tain widls connected by headiiag:; in die Bun.ter 
formation, from whicli 400,000 to 700^00 gallons a day were 
regularly pumjDcdj measured only 10 ft. over a period of^ix yoa.i'^-- - 
aninteresiing comparison compared wlih the fluctuating water levels 
in tilc Ghalk. 

Other im]?ortant water-bearing strata are the Magnesian lime- 
■?tonL-:s of Northumberland and Durham and the Carboniferous 
Limcfii.one of the Mendip^ North and South Wales^ Derbysliire, 
ppj’ts of Yorkshire and Cumberland. In favourable circumstances 
the^e hold enormous quantities of water. The walls of the many 
lissures which charactori^^e these limestones have been subject to the 
solvent action of percolating water* and many fissure.s arc much 
u^dened. Numerous caverns have been formed which may contain 
underground streams or lakes and t^the^s arc still being enlarged, 
d'he uuTTncrou=j channels whioli traverse thc^sc Hmcs-tojics usually come 
Logcflicr to form chambers of LncL'[;a.sing sizr-: frarn which there Tj[iay 
be a feed bolh from and into surface streams. The presence of 
these cavei'Tr^ has given rise to the very s[rotinous—-and adveiii.uroLL^ 
—sport of caving. Since 1345 a Lone a mirnbcr of new cavr^S 
lying several hundred feet below ihe ground .^^uilkce have been 
discovered in Lhc Carboniferous Limes hone both of Yorkshhe and 
of Walc-s. The eaves of Cheddar in Somerseh and Ingleton in 
Yorkslure are well-known examples of limestone caverns formed by 
soludon, 

IlVtpermeabi.^ ste-ata of CiREAr' Britain 

Although many parts of Great Britain are favourably placed as 
regards water-bearing straLa^ ioxgc tracts of country are not so 
forLianate. The hard rocks of pre-Cambrian and Lrj^ver Palaeozoic 
ages which occupy great part? of Scotlandj die Lake District^ "Wales 
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and CornwalL and the shales and of \Iesozoic and Tertiary 

a^es which j^tvetch over large belts of England, hold praciically no 
available watci' lti ?it<>rago. Generally speakings no well in them is 
likely Lo be ancceRafi.iL however deeji It may be takenj {^Ithongh 
cstcepdonal c.ase.^ may aL'i£;e. Shallow welJ.5 a few feet deep often give 
sapplie's of a. few^ gallons a day. not always mahiiained, from the 
vreatherrxl U^-p of these iinpermeable beds. In. the clay zones art 
oceasioitHal satidy bed will give ’water sometimes of good quality but 
often so bard as to be undrinkable, 

f rom time to time small boreholes for i^rivate supply^ paructi- 
larly for farms, are jnut dovm in diesc day belts in face of adverse 
geological ooTichisiona, yet with every jufiti/lcadon. In the absence of 
a pissed supply the value fhF even a small >deld of good ’Well water in 
rural distiicts of this kind h; very great. The remote, but not entirely 
negative, chance of success is oatweighed by tlte prospective advant¬ 
ages that ’tvouJd accrue from a successl'ul result. In these districts 
borchoks of thk type arc I’athc-r matters of a good (or had) gamblo 
rather than of scientihe applicudon. iSut no speculative borehole 
more than 300 ft. deep is normally ju^itifiabieJ even as a gambioj in 
these generally ’^vateriess arcRs. 

S'J'liATA OF rWl'ERifEUIATE PERAGL^EILITV 

In addition to the generally highly permeable and the gcnei’ally 
imp erme able strata there are many from which largt’ yields arc not 
to be expected. Much is know.n concerning these iutei mediate sLrata 
and the prospects of a site can be gauged mth. a good degree of 
reliabdiiy. Linder very favourable circumstances a supply adequate 
for a spillage or a small mwn is possible from tirese beds, but that is 
the maximum that is to be expecied from llicm, Private ’^velb often 
stand a good chance of being highly successlul. 

G-EtLA-r BrCTAEV'S 3>AJ[IhY SU)?FLY from tTNDEKOROUiS-D SOURCES 

Today about a dozen towr^a with populations bet^veen loo^ooo 
ami 250,000, anollicr 400 tO’wOS wirh populations between 125^000 
and 100.1000 j and villages, hnave pip til .supi'jJies derived from natural 
underground i^torage. and many thousands of private wells are in 
daily use. In Great Briiain the total daily supply froru underground 
sources lies somewhere bet’\veen 400 million gallons and 500 million 
gallons. One of the factors leading to tliis result has been die posses¬ 
sion of the detailed knowledge of the geological structure of the 
co[Tm:T'y ajs a whole. This rendered possil^Ie the delimitation of 
the water-bearing areas and of the ^itcrik tracts. 
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AR-TTFIGrAi 3?.ECJ:JARaT[NG 

A question ih&t pisriodicaJlv arises in the water engineering- wnrM 
is that of artificial recharging a depleted natoral underground 
reservoir. Thifi jmderj considered from the angle of physica only^ 
leaves no doubt ofihe concluMon dial; a well which will give water 



Fig. VII1> 7.—Watri’-bearing area? of Ejigland tclieduicd 
far the comeyvahon of undej'ground water 


out Mlltake water in. It would seem an obvious procedure therefore 
to recharge a depleted reservoir from stream ftood^waters. In point 
of Eict in ^some area^ recharging U a regular practice wJiere condi¬ 
tions arc layout able, but at present it is most effectively used^where 
the water-yielding bed is relatively near l:ho ground surface, that Isj 
witlfin about loo ftj and the intake area near a river. 
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In many pl^iCeSi however, conditiojis are unfavonrable to an 
economic I'cconrsc to ardficia} recharge. One controlling factor is the 
size of pore-spaces beiween the individual grains or stones of tlio 
absorbenL stramin. Beds .mth very oi.)en pore-spaces arc vei-y 
favourable j rocks with sinall pore-spaces pre^^ent difficulties. In 
Great Britain attc.ntion has been given to tho po^^sibk recharge of 
reservoirH in the Chalk, particularly for the supply of tlie London 
diatricL 

Over the wide expanse of the Chalk ontcrop rainfall is auto- 
maLlcally filtered in its piissagc tlrrough the eoih and is freecL tliereby 
from sand and sandy oby In suspension. AifrfLcUl recharge could be 
carried out eii:her by disiribniing water over land gurijices or by 
pouring water down deep wells. The Utter altei^native would 
necessitate previous filtering^ otherwise ffic absorbent pores and 
fissures around the walls of the Chalk wells would soon becomt! 
clogged up; wliich would retard and ultiimately prevenL the ingresi^ 
of water. The necessity to ffiter water before sending it underground 
Tiianifeslly introduces important economic problems. 

The first alteamative also has its difficulties. Suitable absorbent 
surface areas almost solely Ue on hillsides and ovei’ arcaA well above 
the level of neighbouring streams, fi om which water would have to 
be obtained. Water rherefere would have to be pumped. On 
cconoiiiic grounds alone^ it would appear preferable to pump w'ater 
tlirt-jligh pipes to known destinations than to pump it to a hilUidc for 
il; to sink into the ground and go wffiere it listed. 

It may be remarked here that 5oakawa>=^ in permeable strata are 
common methods of disposing of surface ’^vater from roofs and 
streetin They have varying dcgrct^s of offlcicnoy but the total quantity 
of water absorbed in any one area is negligible as compared with the 
quaniiLy wlilch would be required for a successful recharge scheme. 

Future developments 

The comparative facility and reliability with which, our uatural 
underground reservoirs may be dcieoLed and exploited has pro¬ 
duced iti Own problems. Obviously a balance needs to be :itruck 
between the annual rate of exU’action from a well and replenish¬ 
ment from rainfalL If the former exceeds the latterj the supplying 
reservoir suffers depletion- the well then lives on accumulated 
capital, as it were. Should thiis be long continued an extensive cono 
of exliausdon if? produced, and it becomes impossible to maintain a 
full ^deld. Nuincrous instances ofthiij havo occurred in public-supply 
well during thi: two decades in particular, altliougli \hey may 
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Iiav« brcn unltnowu Lo ihi: cnnsumni^ public, since difficukieg have 
been overcome tcniporarily hy various palliatives until the position 
hiig been rectified, I'his often has involved the acquisition of another 
so LU'ce of supply. Sucli condl lions cannot continue indefinitely. Over 
svide areas of BT itain regulation, both as to pre.=ient raie of extraction 
and as to fuL^rre development, has now become essential. In these 
^sdiedukd indicated in Fig. VIII, 7, no new well to get water 
for industdal purposes may be put down without a licence to do so. 
No licence is required fc;u^ tArells for private domestic supply. 

OVERGROUND SUPPLIES 

It liaa been remarked above tliat British riv^ers, fed us they are by 
namerems springs, gcnei ally maintaiii a relatively liigh dry-w'eathei^ 
flow, in lowland areas thi^refore they constitute dependable sources 
of watei’ supply. To the provision of supplies of this sort, geological 
science makes little or no conuibutiou; they come more pai'Licuhirly 
within the provinces of the meteorologist and che engineer. 

In upland aroa^ that are composed mainly of impermeable strata, 
and Vidiere rainfall is heavy, rivei' flow is less regular. Cotiservation in 
artificial storage reservoirf; of w^aLer derived during peidodt ariica\^^ 
prccipitH.tion, to be u-'^cd at a regular rate the year round, has bi:^cn 
practised from time immemorial. During the last hundred years it 
has reatdiod munenso proportions in these upland areas, for rlic 
supply of towns of(rm two or three hundred miles away. IkfanchesLer 
is supplied largely from ihe LaJke District, Liverpool and Birmingham 
from Wales, and Shelfield, Nottingham, Derby and other towns from 
the Pennines, In recent years new hydro-elecu’ic schemes, particu¬ 
larly in Scotland, have necessitated tlie construction of a number of 
large impounding reservoirs. 

Reservoir fiiTEs 

Among the naany considerations involved in the choice of a site 
for a surface storage rc^jravoii-j a number are geological; and these 
are, both literally and metaphorically, fundamental. An ideal gltc 
for such a rt^iervoir Is a largo, cloirgjj.tcd, steep-sided vuUey, that has 
been eroded out in iiviporTuoablc rooks^ Valleys of this kind arc 
re&ti’icted to uplatid dkUTcts wLcrc die geological structure is 
frequently complicated and by no int^aris evory'wfiicTe Ihvouruble to 
j'etentive valley sides. 

lit G]:eat Britain such sleep-sided long valleys arc normally 
developed in the mountainous areas of Wales, Lake Diiitrict, the 
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Pennine^ and ScGfland; i,vhvdi nlso the areas of high precipita¬ 
tion. 1 l is in th&^e areas, therelbrtr, that the majority" of large 
impounding reservoirs have been made, eltlirir by raising ihe 
capacity of a .uaUual lake l^y dainrrdngj as has been the case of 
Thirlmcrcj or by damining srroam valleys to produce ariincial iaies^ 
such Vyrnwy (Plate IVa and i^)j the Ash opto ii reservoir in 
Derbyshire^ and a large number ofsinaUci' I'cscwfurs in the Pennine^. 
By no means is every steep-sided narrow valley iji these dh-tricts a 
potential reservoir (site- Many valleys which superJlcially may 
answer reqaircments have been devidoped. along deep-seated liiiejs of 
weal^iiess resulting from geological frmhs, along which water would 
escape. Faults, however^ are only one of the adverse goolngieal 
factors whicli have to be taken into account. In our niountainons 
districts in parlieulai^, the Gioat Ice Age has left a legacy in the 
form of deposits of gravel which floor Lo iiLonsidcrablc depths majiy 
otherwise suitable valleys and through whidi water freely finds its 
’tvay- Again a penncablc bed may be inter bedded wdLhj or may 
underlie, the requisite Imperinea.bic strata in such a way that 
although water may not bo lof^t along it uuder ua.turjt) conditions^ 
the changed conditions produced by filling a valley \vU}i water may 
produce the reversal of the natmul undergronad dircoticjii of flow. 
None of diese disadvantages necessarily rules out a valley. Engineer¬ 
ing skill is al^ie to overcome them in the majori£.y of cases^ i^rovided 
they are known. 

Resulting from incompIci.e geological data, fallui^c or partial 
failure in storagj:-!’^^^^™!!' consltTiction^ or initial iailures which 
have ultimately been converted to success only by the expenditure 
of greattrr sums of money than had been originally cstiinatcd, 
have not been unJviiown in the past. Fig. VlIIj 8^ illustrates die 
condiiion of a reservoir wbioli wa^ oirly parfy guocesfiful. The sides 
and bottom were initially thought to be entirely saLtsfactoryj but a 
’tvash of Turfeoe material masked a permeable bed up the valley side^ 
rather lower than the proposed ultimate level of the impounded 
water a^ rx^ntrollcd by fhe dam. On completion of the daiW: water 
accumulated according to plan until it reached the perm cable bed 
at X through which it leaked to form springs in the next valley at V. 

LoMUO^-'s SURTAGE S'tORAGE 3i ESP.IWOJE-tl 

London obtains the great bulk of Its supply from the Rivers; 
Thames and Lea. It has no deep steep-sided valle’j^ for storage 
resei’voirs in its vicinily, Rcconrsc has been taken, therefore, to the 
digging of extendve lioles in die ground, as it were. Each of these 
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dug-out reservoirs needs must covejr a brge and floor ;ind 

sides must be water Liglin 

Excav^ited reservoir.s of this type could not be placed hj.pliazard 
In the London area. A thickness of several hutjdj.ed feei of imperme¬ 
able Lojidon Clay is known to underlie gi'cat parts of the district 
around the Tliames and the Lea. In certain, other parts the London 
CJayj although forroing tfic surface, ts underlain by beds of perme¬ 
able sands at a considerably less depeh tliaji the floor of a dug-out 
reservoir would lie. Geological iuvesugations h^j.vc clearly defined 
both the favourable and the unfavourable areas, and the present 



Fig. VIII, 3 .—Hie le\'el of water first proposed for ihis impoimdizig 
reservoir not Anally attained because of leakage along a bed of 

M-udstonfi^ 

reservoirs have been sited accordingly. Every j^otential site for u 
tuluTc storage reservoir is given a thorough geological examination- 
Some arc rejected out of hand. 

One of the most recem rejections was made in 1947. The Metro¬ 
politan Water Boards in die normal course of events, examine 
potential reservoir dtes around London to meet possible eventualities 
necessitaLiiig Lnci-ca^sed storage over present capacity. In that y{^ar 
die Board considered the possibility of constructing a very large 
storage reservoir near Kingston, Oambridgejshire^ by damming up 
the valley of the small Ulvor Bourne. A first examination in the field 
pointed to tills valley as being eminently suitable for dte purpoEe^ 
and as regards ’water-tightness, the aides'and floor appai ently were 
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aH in clay- A (IctftiJ.ed geological invesLigitionj howevct. sh-owed that 
a widespread bed of sand wldcJi underlies die clay crop5 out over an 
elongated area along part of tiio stream bed^ and thai its di^Jpc>sit^on 
is such that, were a reservoir Lo be constructed^ water would leak 
aw^ay undorgr ouTid tfirougli the valley bottom to emerge aa springs 
m a Mlkidi: to the west (fig. VIII, g); a variant, iu fact^ of the 
conditions aflecLing die partijilly successful roaervoks described 
above. On the recognition of the implications of the geological 
Eiructuro of this district, ilu; plan w^as immediately abandoned. 

London is not alone in soutli-east England in efctablifihing over¬ 
ground water supplies. A largo rciScrvoir for the supply of a largo 
district of die Weald has been completed (1955) in the Ashdowm 
Forest. There the River Mod way is now dainxui.'.d near Forest Row, 



Figh VIIIj g,—A site for a proposed impounding reserv^oir in a 
Cambridgeshire valley was abandoned bccainso of a bed of sand 
that cropped out at A—E in the valley bottom. Were the reserv^oir 
to be coTi^tructed. water would escape at C. 

and an anllicial lahc formed- A .snnilar resei’vob: for the supply 
of much of Essex ha^ been cou^truetod at l-IauTitngfiicld. 


Relative j^ftictenciirs ot surface, ayd UNOEl^OROUxr^ ef^ervoirb 
Ihe ofliciency of surface Ktovage reservoirs is gready superior to 
that of naiural undei'ground reservoir*. It b raro for a single large 
well to give more than aboui. 4^000,000 gabions of water a day, 
which is a normal supply for a town of 130,000 inhabitanLs. Wbei’e 
underground water is the source of supply, for towns of larger siaCp 
therefore, several .separate pumping stations arc generally required. 
Eriglitori, for example, has five pumping stations. But a single very 
large .si;i:iragc reservoir is capable of providing many milfions of 
gallons a day- Brighton ia particularly favourably placed for an 
underground supply, much mtne so than many other towns, and in 
any evenl: population does not compare in size with the popu- 
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lations of many of oiir inidvJittiy-l arc'JLft, As a rylc very large cities and 
io-wn.1 must perforct; liaye l eerniis^; i.o siiifaefi suppHcf^* 

I-ondor provides ait excellens. ejULinple of Uic relative under¬ 
ground and overground values. Its daily consumpiion is about 
iniUioii gallons, of which cS^ per cent is exLracied firom 11:3 (.wo over¬ 
ground rivei’ sources. Pew of our cities are as well situaLed as ns 
London in relation to underground sources, yet to oblain (lie 
remaining 15 per cent—4.5 mil Mon gallons- ■ a ring of no less than 
wells i]Lto the Chalk, mostly wilh hoadingftj is necc-ssroy. 
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Building Makriab 


S andstones and iLmestone^ in gTra<. vant^tyj igiieoiig looka of 
inniiy kinds, slales^ gypsunij, gravf^la, sandhi and numerous sorl:3 
of olay.^ all been used in building work from time immemoria), 
A Ibw v.Iiousand years ago people hi Cyprus were quarrying and 
traiL^pordiig blocks of itouc of ovej’ thirty lorn weight and measuriug 
some 12 R. x 6 ft- X 6 ft- ThvougliOut the lOTig his Lory of building 
construe cion tiiese maleiiab have largely, Lliough not entirely, 
been excavated from sui’face quarries^ at spots where both the out¬ 
crop and the nature of the rock have been easy to see. The Nubian 
Sandstone was quawied by the Egyptians Rom ^^u^facc workvrig^. 
One look at tlic Isle of Portland would have aatiyLicd Sir Ghrhtopher 
Wren that there was anipie stone there to build many cadiedrals. 

Numerous charactei’isties of rock germane to their suitability 
jis building material are to be seen in work;ng faces of quarries; 
among thcni. are bedding planes, a feature of many sedimentary 
strata. Sodimeutary building -atones arc normally vt^ry durable if 
they" are hlat bedded'; that if they are laid in a wall so that the 
natural bed of Lhe stone, i.e. the bedding plane^ lies horizontally. 
If they are 'end beddedk with the natural bed placed vertically^ 
they tend to flake aw^ay under the disrupting influence of frost and 
0tiler denuding a.gcnt3j and particularly so if the bedding plane 
also Iic5 pa rah cl tf> the fnce of the wu]! with which the sicme is built. 
IL is only In a restricted number of se dimen nary building stones that 
beddmg planes arc absent or are so undeveloped tliat iveatficring 
Iras very little effect upon them. Th&se arc the Trees tones" of the 
building industry. They" free the mason from the limitations thaL 
other stones impose on him ou account of pronounced bedding. 

^39 
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All Teaturcf? of *^ypo may be (:xpljiined today in geo¬ 
logical t.oriii^; but that does not necessarily mean Lhat geology, by 
explaining Ltiem, baa made an economic contribution to the building 
induBtr)% Like the bedding plane^ for tlie most part Lhey and their 
effect have been knowji to generations of (juarrymon and atone- 
rnason.i the worM over; indtiod- the almoi^t uncanny knowledge that 
a quarry man of Lhe alone of hia own quarry^ gained from 

empirical sourcea and handed from one generation to another^ ia 
proverbial. 

Were an appraisal to be made of the re.^peotive debta l.haL geology 
and quarrjHng owe to each otber^ it is uiore than probable that the 
balance would stroTigly favour quarrying; for quarries have been a 
major aouixc of evidence for geological deductionE. They have given 
many clear sections of sti^ata whicli have exposed folds, faults^ 
sedimentary rocks of various kinds, jgneous intrusions^ old lava 
flows, and a great number of other item?, of geological ini:<^ost. They 
have foimed a major part of the collecting grounda for the fossils 
on which arc ba:jed scheTUcS of palaeonlological zones. 

On Lheothei^ hand; aldiough quiie obviously in countries of chc 
Old World geological science has in die past been generally un¬ 
necessary to quanying, in countries of the Nesv World, wdiere no 
traditional knosvledge of sources of building matcriah available^ 

early Jietilers were quick to realize tJie vruportauce to them of system- 
atic geological work. Thii^ was uviucod by the 1834 Geological Survey 
of North Carolina and. also as noted on p. 90. the proviso made by 
British Oolumbia on joining lhe federation of Canadian provinoei^ 
that it should be given adequate geological assistance. 

Tlie ptHition in most countries today is that quarr’^ung operations 
connected with buildiug and other industries are so extensive that 
casual recognition td'outcrops and trial and error methods can no 
longer satisfy domatids. Many contracting and manufacturing 
organizations require detailed geological informs tton at an early 
stage when consideraiionis being given to proposals for opening new 
qu^.rrieji Or for extending old one^j to ensure thai iho very 3 aige 
rcsciveji of a rock of the right kind thai are needed are available and 
are economically accessible. It is by systematic geological work both 
In the field and in tlio laboratoiy tliat ne%v sources of even the most 
et^ery-day kinds of rock required by large-scale industry' are located. 

Prospectingfor building material in perhaps less spectacular than 
prospecting for mineral ores and Ibrcojil^ and in the nature of things 
it Is more generally tiiken for gi^anlcd. In Great Britain the pre- 
liTninary geological survey of the conn try j completed about 1670, 
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gave fi broad outline of ita mineral resources of all kmds. But the 
i^jrormatioii tJiat the geological surveyors of the time then gathered 
and recorded han dov become so much pari of everyday knowledge 
that probably few today appreciate its origiti. Additions to this 
information are consLandy being madC; and there exists today a 
large body of co-ordinated data^ not only on coal and. oreSj but on 
atones and clays. 

Botloing stones 

One of the £r^t instances iu which jsyKteimatie geological work on 
hfuilding stones was carried out. in Great BriLain wa^ in the prepara¬ 
tion of a "^Report with reference to die Selection of Slone for Building 
die Houses of Paidiainent", dated Two of the subscribers to 

this were Wfllbim. Siruth, the Tather of "English Geology-' (p, 17)^ 
and Sir Hciir\' de la BccliCj the second Director of the Geological 
Survey of Groat BriLaio. BuUding stones from some 300 quataie?^ m 
Great Britain were reporled. upon and. matters dealt wiih Included, 
the following: Name of quarry’ Place; Names of quarry owners; 
Brief mfneral designation (e.g. sandstone, oolite, etc .); Oomposition 
of istone; Colour; "Weight of stone per cubic foot; Full depth of 
workablf: Rtone; Description of" the beds; Sizes of blocks that can 
be obiained; Where known or reported to have been used: Effects 
of siructural features^ such as dip and o^T^rburdeiij on working. 

In ’^de^v of the fact that tlie stone ukimately selected vtis not the 
jno?<t suitable for the London atmosphere, this instairce may not 
appear to be unduly good rccomnicndation for the use of geology h 
B lit it would be unjust to blame the geological advisers of 1630, 
Many causes of the failure of building atones lie in iheir use in wrong- 
environments. In this case the cause of failure has been determined 
aa hatmg been a diemica). reaction of tlic stone ’^vith the iulphui'- 
laden atinosphere that afflicted London for utany year??, 

Peirological cxaTninntiou of atones and other laboratory work 
on them to determine iheir miccoscopic structure, and to get informa¬ 
tion as to their behaviour under certain defined conditions^ have 
assisted the architect and builder. It has given anwers to a number of 
prcviouiily unexplained problems concerning an apparently t^atic 
tendency to decay sliown by some building stones that had been 
regarded as first'0la3^l materjah 

Various labor a lory techniques have been applied to the examina¬ 
tion of stones by ihe Building Research Station of the Department 
of Scieniiiic and Industrial Research. Much infi>rmation ha^ been 
gained, particularly ou the subject of decay. It has been 
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ob^crvc-d for iii.^unce thal; stone decay lias occurred w>ien sandstone 
and limes lone blocks have been placed in jnxtapoJiidoTL, The blame 
in the pa^t has often been placed on the stone. It is now known that 
decay of this kind often results from n chemical change that takc^i 
place between stoucfi of diaaimilar composition^ and thal; if it is 
desired to lay diem togetlier certain definite precautions muat be 
taken to prevent Lronble. 

Laboratory tests on stones^ however^ have certj^in limitations. No 
guarantee can be made tiTat the weathering properties of ca.cli of 
many separate blocks of stone ^viil conform to riioso that may 
have been estimated fLom laborni.ory tesis on one or two amall 
samples, since stones^ even from ihe same bed in the same quarryj 
vary greailv in tcicture. 

It 13 normally unnecessary to test stones for bearing capat:i^^ 
No blocks of stone, even at the base of a building, arc bkely be 
called upon to withstand more thaii n fraction of the prcss,i.ircs 
that they are capable of bc^aving-^ whatever the crcciioti in which 
they may be ?^et. 

Repairs to stone\vor.k 

Ifie decay of the original stone of the present Houses of Pa.rlia^ 
ment^ through chemical wcatliering, lias necessitated an extensive 
programme ol' repair. As was the in the original ciioice, new 
£tone WhS selected in the light of llio most recent selenitic invesdga- 
fioT]Ji. The choice was recommended after an exliatisiive examination 
of lUiiny stojiKS both in the held and the labor a Lory, by a commitiee 
that included an architect:, a geologistj and a chemist and 
physicist experienced in laboratory work on stones. This combina¬ 
tion well illustrates the position geology holds in relation to building 
jstonejs, and the interdependence of science and art in the matter of 
sclcotion. 

AreUdvely rniuor^ though in its place important, outcome of a 
geological examirnation of many budding scotics (an examination 
comprising their petrology, palaconLology and a survey record of 
thoir occm-rencea 111 nalurej Is tliaL in repair work on ancient 
bui.»dings it is now generally ]:ossible to replace decayed stone by 
new' material that matches exactly that -which had been originally 
u^cd. In most instances the ancient quarries are no longer traceable^ 
but new Stone is usually obtainable either from the identical bed 
from which )iad first been qu.arried centuries agOj or iroin 

another of the same character. 

An 0 u Lsi:andmg \n^ Lance of geologi cal work appl ] cd to ai'chacology 
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Wl^;? the tri^cing of ihe precise J.ocalLty in Lhe PreBcelly Mouiit:£LLti£i 
of Wellesj and i^ossibly die preid^c quarry, from which the stjones of 
the iiinei’ circle at Sionehenge wore qnavTicd- Sirnilavly. lhe Sources 
rjf building stones and tesserae found in the remains of many Romi^u 
buildings in Britain Viavc been discovered. In 1954 fossils contained 
in stoDcfi from Roman remyins at Colchester proved diagnostic of 
their sources in Middle Jurassic limestone formations. 

A geological .study of die stonework of ancient buildings, notably 
of old pariab chnrche^^, rnay add much to their history as rtjcnrded in 
docinnentary form. In in any old chur cites that huve archiLectural 
fey.turcs belongitig to vafitni:? periods from Saxon onwards, the 
bu.iidcis of each, period used fltoric;^ tsf diifertuit kinds and from 
dillerent sources from those used by their predecessors. Dct.crmina- 
non of the. localitie.s from which the usual kinds of stone were 
quarried oden throw* intercepting historical .sidelights on local 
conditions. 

Road metal 

Closely allied to the building-stones quarryiig industry is stone- 
quarrying for road metal. Good road stones today have to sfi.tkfy 
scringeiit conditions. In many eases good or bad qualities lie in tlicir 
microscopic structurc^j and pcirological and othei- investigatLOus 
arc carried Out in greaL detail. 'Die data given by examliiaLion of 
tldu sections of rock under i.lie microscope are correlated wldi chose 
derived from various "attrition tests' designed to simulate conditions 
to which stones are subjected by traffic on the road. This has cou- 
[ributed a large body of information on the factors that render some 
stones excellent as roa.d metal, while othersuperIlcially of equal 
durabiJit}^ ri.rc in fact of poor quality. In Great BriLain in recent 
ycar.s, tw^o departmcjits, the Road Research Laboratory and die 
Ccolt}gi{;al KSurvey^ boLh under ffie Departmeni of ScienLific and 
Industrial Rescaroh, havf^ collaborated closely in roadstones iri¬ 
ves liga Lions. It is uot only demands of road engineers^ hu’wcvcTj 
that have been kept in view. Airfield engineers arc called upon, to 
construct runways that will continually whthgta-ud. i^uddcn impacts of 
planes that w^eigli many tons^ landing at speed:^ iii (:ii.ccss of loo 
miles an hour. The cjiiality of the roadstonc used in runway con- 
structi.on is highest importance. 

Limestones for C3-i.\ir.NT, ET\fE and -whitino 

Apart from their upe as building stones, limestones provide either 
part or Lhe wdn>lc of ihc raw material of lime, cement and whiting. 
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lu limesl.onej of all kinrla^ matiy fvoiiti tliiii beds of local 

occurrencej have been used for lime burning. As in other indnsLiica 
modern trends are towards produciion at large \vorkp. 

In Great Britain the two great sources of raw matei iab for these 
purposes are i\\c Carbon iferoiiJS Lime.^tone and the Chalk fortnaiions. 
The eon^sdtnent bofls of all sedimcTitary formations vary in com- 
position both vertically and laterally, and liinestones are no exception 
to this rule. Some bedfi ihei^efore are more suitable than others for 
specific industries. Modern manufactimlng processes, whether for 
lime, wluiing or cement^ require^ al; each separate works^ stone of a 
I'elativdy constant chemical composiiion. 

A superficial examination of clialt sho-ws it to be apparently of 
much the same coniposition throughout. As described on p, 70, 
closer observatiori show^s that ^ome beds have diffei'eni: ccmiposlLion 
and Jnxiiqro from othcvis. Some of these types are more suimble than 
others for specific indu?^ttief^. Certain beds are bettei^ for lime^ others 
for cement, and otherii agai^i are used to produce the very pure 
and line powdered form of calcium carbonate known as whiting, 
used in distemper paints^ toothpastes, rubber mamdacturcj paper 
manufacture and many other products and Ludusi:rie«- Chalk has 
been u^ed in. Britain as an agricultural dressing certainly since the 
days of Phnys Certain beds, notably t)ae T'otternhoe Stone., have 
been usedag building stones, particularly for internal decorative 
work. A veay long-continued use of chalk in Britain is shown by ihe 
many thousands of small quarries^ now mostly overgrown, that 
mark its outcrop. It w^as not only worked aL ihe surfaces many 
extensive adits or mines exist. The location of many of tliese is now 
unknown, but from time to time they make themselves evident by 
sudden coHapjSes of the ground in. tuost inconvenient way.s. Amongst 
thege workings arc the numerous deneholcs of south-eastern England. 
These arc sliaft^ up to too fb deep, muny of thein dug during die 
eighteenth century^ but 0therg are niucli older. Other chaU; mines 
pci'sist as * caves" of whicli the w'cli-known ChiHkhurst Gave 
Tft£ir London is an example. Pans of die, Chjilk bordering the 
Thames in North Kent have been honeycombed with mines whicli 
were in use up to the nineteenth century. Plans of some of ihcae old 
chalk mines ha\ne now been made^ Fig. IXj r being one of a North 
Kent chalk mine thai was recently discovered and surveyed. 

Locally chalk of a specisd type was mined. This was the case with 
the Totttrnhoc Stone, romierly dug in the Chiltern Hills. No sites 
are knowal today of any of thp Totternboe Stone minesj but a most 
iiitercsdiig account of Uiom w^as written by a Sw^ede^ Pehr Kalnij 




^ n'/ irJr a ff iS tKiyL 

'OvLTbrc’iik" ill the Woodheatl railway tunnel^ constmcted In 
1951, between Sheifield ajtd Manchester 






Platje VI 



A ]ai-[j:r Ouilk quarry in Norlh KenL. Chalk in excavated for cement inamifac.ture 
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who vifiLted Britain in 174R. The following arc extracts B:om a 
ofKalm's work made by J. Lucas: 


^"We wenL afi:trward?> to a place where tho white ston.c if? hewiij 





Fig. TXj I,—Plan of an old chalk mine in North Kent. 

The floor level over ihe niiae generally lies about 5 ft. 
above Ordnance Datum^ the galleries average about 
00 ft. from floor to roof, and there is an avei'agt: of 40 fl. 
of chalk botwcoii roof lovol and the ground surface 
above. 

which is here called Frees ton C; and of which clmrches and other 
houses^ etc., arc built* The place where it is laken out is one of the' 
highest chalk hills in tliis district^ situated in Bedfordshire, just; six 
milc^ north of Little Gaddesden. The nearest village to it is called 
Tetternelj after which the mine or stone pit likewlst: got its name, 

It 
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. This fl’cesi.OTie is dug d-nc-ip lq die lulls. Here were tliree 
places j where they pjad formerly hewn the same, and where adits down 
ai: the foot of the hill went far under die earth, or the Chalk hill. 

'^The ad ha into the Chalk hill went mostly horizontally, yet they 
sloped a little down in s<nne places. On both ddcs of tiic main adits 
d:iere were other adits both ad angulos acufo.i^ rectos, ct obtusos^ so 
that if the entrances^ of all diese cro^^fi gallcncf^ bad been 0}jen this 
would have been to one unacquainted with thetn llio wor-^t labyrinth 
and maze there could possibly be. 

“Tfre use of this Freestone and the purposes k is used fov, arc 
viiriou?. The principal is to build houses ofii, when it has first beCJi 
hewn here at the mine into a fonr-sided oblong form. Llkit'whc. it k 
used for window f]:amcs and doorpostSj and arches over fireplace 
window^s and doors^ for scvci'al kinds of pedestals and pillars^ the 
bottoms of baking oven^ and other sneh tlungs. 

'Tn se’vnerai placed appeared unsightly large pits^ wdiich now on 
die bottom w'ere overgrown wiLli granss^ where they in formei^ times 
had hewed up thiij sl:one. The w^orkinan told us that for one and each 
of the ttanie pits diere Ls a hole or adit under th.e ground^ but that the 
entravLCcii to diem were now frilleii iiu The deepest hole^ which w'^as 
40 poles mJ:o the hill where they were now^ w'oj'king and in which I 
was^ w^as .said to he over ^00 year.^ old. The whole mine ’was said to 
have been ’tvoikcd for a thousand years/' 

This a huthc]' instance of a. building ;^tone lumng been found 
by some chance or otlu^r, Since Kalm's day the wd:LOle of the outcrop 
lias been traced. Should dus stone; be required in quantity- again in 
lie fniinre—by no means an unlikely posidon in the chalk 

hillside is tnowm; as are its pCLrologioal ohari3<;.terjj. Reliable estima- 
lions of i-eserves could be made widi lie do difHoulty, 

MaTERJ^T.S lOa CEMENT 

Hio cement industry aa understood tod^i.y datea from d\e year 
i8^4j when Joseph A-spdin, of Leeds^ took nut a patent for ''an 
improvement in the niodes of prodnciiig artificiy.l stone”. This 
istone^ on hardening, was thought to resemble Pordaiid Stouc^ and 
Aspdin’s cement accordingly called Portland Cement. Numerous 
oUicr cementsj both before and after Aspdin^ have been made^ but 
Toitland' cement has survived the tests of time. In its manulacture, 
limestone and day. after appropriate treatmentj arc fuaed in cement 
kilns. As fai- as Great Bdmin is concerned, suitable daya are to be 
found in many pjirts of die country h Most British limej&toncs also are 
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suitable '^nd there fire plenLifut Eaeh l^iind cf limes lone, 

however, requires a special treatnietit in ceii-^Cnt maiiufiiCturiiig. 
Chalk widely used, but this formaiiorL, as nutlined on p, 70, 
comprises a number of type?^. The Lower Chalk possesses a com- 
position unlike that of the Upper Chalk. Jurassic limestones are also 
used, but thrive ai^e extremely voidable from ]>lace to place. In the 
CarboniferoLis Limesloito formation ^omebeds are composed almost 
^vholiy of calcium car bona Le, and therefore arc ^^uitablc either for 
lime-burning or cement manufacturOj but othercontain much 
magnesium carbonate (dolomite) and are of quite uni^uiutblc 
composition. 

Excavation of both clay and limestone in Britain today Js on a 
very large scale. Indeed, ccir^ent-making is a major industry^ and 
in alone the y.mo tint TUanufactured was not far short of lO 

million tons. The location of adequate I'cscrveB of Itirie^rtoucs of the 
right type* both k>r prci^cTiL and hiturc and tltcir dcliniitatioii 
mto bed^ of different qu all Lies, arc major geological cancribuhions 
to the cement industry. An epitome of the kind of geological in¬ 
formation that is available concerning the Ghalk strata is given in 
the table on p. 14^. Similar cLetaiJs of other limestone formations 
have also been recorded. A large chaik quarry in Kcnt^ pitiducing 
chalk for tlie cement industry^ is shown in PI ale VI. 

Slates 

The slate industry has probably given geological science very 
considerably more than iL has received in return. In Britain vast 
qnarries have boon oatablislied in Wales. Cornwalh Cumberland and 
elsewhere. Tlic evidence they have jrrovided fias bccir of immense 
value to geologicLs engaged in the study of crustal pressures and 
their cffccis. As In the case of building Btoiies, a number of factors 
that govern ^-laie quarrying and preparation are to be explained in 
geological iierms. The fi^sibility of slates, their most important 
characteiasdc, is seen to bt^ tlio direct result of earlh pressures. 

BnjOK CLAYS 

Many data concerning clay^^, as is the case witli building stones^ 
thai were originally provided by the various geological surveys of thc 
woridj have been a^^ixnilated into the getiei’ai background of 
communal knowledge. 

Most days ave of sedimentary origin. Some daysj more com¬ 
pressed than others^ have bectnue shaly. The degree to which shales 
have developed L largely rdated to the age of die beds; the older 
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rlie clciVj the. more fibaly it is likely to be (i^e p. 75). Superficially 
Qiie clay bed may l-uok very much like f?inothf;Xj yet each lias iis own 
characteriaticSj smiic of which are of great inaport^nce m brick-m;Lk- 
Liig. Oxford Clay, lor e^caT^pleJ contains carbonaecous matter, Thl^ 
clay alone is worked hi England today to produce ^^omc 3,000 
milLian bricks a year. Is'curly t^vice as many again arc produced 
by a group of raiher smaller brickworks spread throughouL Great 
ISritiun. Some S^goo miliiou bricky thus made annually in. the 
countrv-- represent excavadon of about 300 rnillion cubic yards of 
clayn At die early brickworks diat used Oxford Clay^ near Fletton, 
Peterborough (from which place the Tlettoji' type of brick takes 
its TiaTnc)^ it is doubtless the case that the special quality ef the 
clay was iirst found by trial methods. Petrological cikutuj nation by 
borh chemical, and physical means subsequendy dctei^rr^hied die 
cjiTbonuceou.s nature of the clay; pal aeoniologLcai work has delimited 
the fossil .ioties m which it is most common. Great brickworks 
:3.r[; now established at Stcwartby in Bedfordshire and Eletchley in 
Eiickiiigliani&hh'c (Stewaxiby is a new town named in honour of the 
late Sir Malcolm Stewart^ one of the founders of the works). 

Modern methods of brickmaking require Ihai: the chemical and 
physical composition of die clay used should be standardised 10 as 
great a degree as possible. In most large pits variations in type of 
clay art to be found. The diflerent kinds are mixed in accordance 
with a geological record of die strata as incasured in the pit and 
correlated with data given by laboratory tests. Even sCj diflicultici^ 
arise. Apart from dcpof^itional variadun iu compo'^i tlon, clay beds 
are often affected by fa.iht^ and folds wiiich may themselves cause 
secondary changes m the nature of the day. d'his was found to be the 
case at a brickwork:^ In Sussex^ whei'e for many years bcch of a shaiy 
clay rbat lay pra.ct.ically undlsLurbed by eatth pressures had he:ftn 
worked. A few years ago, however^ workings ran into a highly 
distui bed y.etric iii which the clay had been strongly contorted by 
ear-ill niovomentfl. A proportion of bricks made from this clay 
"bleu-^—tliat isj die bricks showed unsightly eruptions ovei’ tbtur 
^.ui'faccj or even disintegrated i]i the kiln. Geological examination 
of die clay at tlie pit far.c showed Lhai. the earth movxmcnLs had 
caused the originaf.ly tightly compressed sliaJy laminae to open out. 
Ter cola Ling waters carrying sdcnite (a form of gypsum timt is com¬ 
mon in many days} in solution had depo?^itcd myriads of minute 
crystals between tin.: opened laminae; these had caused the trouble. 

Shelly days aho cause "biowing'^ but tliis is usually avoided 
simply l3y discarding very shelly Uimps In the quarry. Luboratory 
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to dr:t;ermiiie ibft general treauucnt or 'difficult' clays 
lie \^Ll-hin ilie province oi' tlie ceramic chemist; his Ihidinga are 
correlated mth geological data. 


DI■■^J■^RUJ[^"ATION O.tr -REt^iLRVE^ OP C.I.A.Y 

Beds of clay of a special quality, somaimes only a few ffict thick, 
arc si.ilhvorfced at numerous small brickyards in Britain. IL frcquontly 
happens chai: the reserves in the possession of a brickworks^ though 
not theresorvc.s m iiJi neighbourhood^ become exhausted. A comniou 
though perhaps minor problem of applied gcolngy is to deternunc 
the lateral o^Leiisioii of some ol'these day beds, lo ensure that they 
are pi'eseiii- on new land that may have to be bought to continue 
operations. One such pTobkru arose recently in HampsJirre, A 
brickworks had worked a godh-thick bod of clay, known ffiom 
gi^logical survey investigations of past years Lo lie in the middle of a 
thick mass of sands, thm clays and silnsj all quke useless for brick- 
inaloing. In 195^ tliose rcF^ervci owned by the brickworks were used 
up. It was desired to Bviy more land in which clay would be presenL 
and would lie at or near Lhc ground surface. The strata were folded 
to a tinivK.rr degree and available geological evidence was sufficient 
to indioaLe no more than the genera), direction in wffiich to extend. 
Several trial holes, each ft. or so deep, were put down in adjoining 
fields and derails of the st’ata from each recorded. A little group of 
closely associared bed^ was recognizable as oocuiring in each hole, 
and it w^as seen also that stratigruphically this group lay beneath 
the clay. Those holes that ^ho>ved the group as occurring near Uic 
ground ^^lJ^fH.cc Qb^dously pj’ovcd tliat in their neighbourhood the 
clay bed wa.s absentj It having been removed erosion. Other holc^. 
showed where the clay was thickest and most accessible, and land 
\vas purchased accordingly. 

Some black clays^ or ^brickearihs^ arc drift. depositSn Suds is thoiv 
value that even where survey work lia$ ahowm them to bo they 
arc worked extensively, provided a sufficlenr.ly large area of brick- 
earili is present- South-East Essex is one district in Great BiitaSji 
where this happenSH tin: brickearth there is only a few feet tldck. 
large tracts of giound arc rapidly stripi^ed. Most clay pi 1:15 in 
Ibrmaiions are worked in ^on\r. depth, and on their abandonment 
the SLiperficial area of derelict ground is small and relaiivoly un- 
importantj but where thin brlckearths are used the matter is in, a 
different category. In Essex recondiiionimg of land has been practiced 
probably since the brick^making Industry wai> starced iherc- Today 
tho only effects to be seen over the largo worked-oiu tracts ace that 
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rocida are perched several feet above the levels of adjoinmg fields, 
and hedgerows betVh-een were obviously different properties 

at the time of working stand 011 banks several iect bigli. Both road 
surfaces and hedge banks mark ffie original ^and level. 

Gravt-t. and 

Gravel and sand are non-cohesive rocks. Cotnmorciallyj gravel 
cortsists ehber of n’ounded pebblesj or of angular or sub-angular 
■fragments of rock, or both. Finer matter—sand^ sill: or clay—isofien 
included ix\ gravel beds In amounts widely varying from place to 
place t 3 nd fvoin bed to bedn Gravel ^vith a proportion of clay has 
binding qiLalidcs that rendOT- it Suitable for garden paths. It is 
i.isuahy known as ^hogginh Sandhi aro inoro closely restricted than 
gravel in grain size. StiicLly speaking, sand giains lie hetvs^eeu 
of O'I mm. to 1 mm. 

Mineralogical composition is not implied in the words ^sand^ 
and 'gravel^ although in practice Sand^ usually means quartzose 
sand ;■ iion-quartzose sands are rare. Small quantities of other 
minerals, however^ are eommonly found in quartzose sand. L’on 
oidde is very prevalent; in many instances die grains of quartz aro 
coated with an extremely thin covering of iron oxide, to give a 
yelloWj red or bro’^vn Colour to ^aiid m bulk, but the amount of iron 
required to do is very srunlh Sotnc sandfi arc 'dirty', and contain 
a percentage of clay. Other's are ^sharp^j each grain being angular 
and usually of a largo size. Odiers again arc 'soft'j with grains small 
and rounded. * Gravel' never carries an implication of composition^ 
unless specially dchried. IL may contain any and every kind of hard 
rock. 

ApproAOHTN o exhaustion of sand ant- oravt.l rfajirves in 

ExOIhAND 

In l:he present age of ferro-conerete building tcjnstmcLion, civil 
engineering work^ and road-makings sand and gravel are so much in 
demand the world over that in some countries reserves are rapidly 
becoming exhausted. 

Most gravels are drift depositsj generally of a thicluiess of the 
order of about ^0 ft. and often much less. Rapid exi.doitation not 
only uses up reset v<-Sj but in doing so devaslates large areas of land. 
In highly populated countries proposals for new workings not 
infrequently arc little to ihe liking either of farmerSj since gravel 
soils make $onie of the best agricultural Ijmd, or of resident's, who 
q-uite naturally resent loss of araenityj 1 in sightly workings and 
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noisy traffic, Some sand^ als?o ai'e drift deposits j but ijiany occur m 
solid formatLOiUBj and Ik in ftiitker beds than do graveijs. Yet the 
aviulablc sajid reserves of qualities saiiable for special uses^ such as 
ooncrctej may also be very limited. This is che case t<?day In pajrts of 
Great Britain^ where oon^-u nip lion is so heav^^thaL iL iiaa i\o\v l:ecoTue 
imperative to re^ilate botli gi'avel and sand digglngH ^0 re^ulalion, 
how^everj can fiinetioji unless a reliable appraisal of reservcfs^ both as 
to quantities and lacation. has been made. A detailed geological 
survey is a prerequisite to any action of this kind. 

In ^946 the britisli Government appointed an Advisory Com¬ 
mittee on Sand and GraveL 1:0 study and to make recommondations 
on the gencT'ttl ^aud anri gravel problems of the countTy. This 
committee has issued a series of comprehensive reportsj which 
include maps compiled largely from the maps of the Geological 
Survey of Great Britain^ to show the distribution of sand and gravel 
dcpo^iti tlu'oughoui the country. The Gommiiiee concludes diat in 
tlie Great ].r>Jidon area alone the average yearly demand Is likely 
to rise to TO -million cul^ic yards^ and it is compuied ttiat at 
this rate of cousnmptLon the availal^le reserves in some of the 
chief gruvel-producing areas will be exhausted in less tlian L-vvency 
ycavSn 

These reporls not only form a basis for present regulation of 
sand and gfayel diggingj but give forewarning of near future cou- 
didonSj ’when supplies of materials for concrete may have to be ntet 
from emshed stone j i.e. of arcificially made gravel. 

Gypsum 

Gypsum is chemically a hydrated sulphate of calcium. It is of 
very widespread occurrence tliroughout the world, and is one of the 
commonest (a’ud therefore low^cst'pn'ccd] minerals, Tt ns the ra’^v 
materiaf of plaster of Paris and similar buddhig pla^tcrs^ and is 
used in cement manufacture and in many tJtlrcT^ industrial pro* 
eesscs. 

Plaf^tcr of Paris was made In England ar least as early as the rtdgii 
of James II. Plot refers to it hi his af Siajyirds'hin^ 

(p. 14}. Il h chiefiy rnauufactured by pow^dercug gypsum and 
dicn healing iL to dehydrate it lo a required degreOn The dehydrated 
powder^ which is plasLer of Paris^ avidly vc-absorbs water that may 
be mixed with It and then sets ini:o a hard mass. 

Economic geology is mainly concerned wlifi deposits of gypsum 
that are sufficiently foick and ex Lens! ve for commercial use and are 
easily accessible. Single crystals or nesij of crystals of selenite of the 




fiUILDING MA^rBRIALS 


^53 

Idnd no tod above Commonly oocurriiig in cV^yi^ are valneless. 
Tn i.oine diatrictH gypsum takea a maasiv'C and compact fonn known 
as alabasleTj used For carvod. work for i.iidoor df^coralioTi, 

jlnother form of calcium sn].]3l:iate^ anhydrlLe^ often aocompanicy 
gypaum, and Is frequently intermixed -with it. Aa its name impliea, 
anhydrite has no watei’ of or ya talk nation. It ia much harder tlian 
g^qjaum, suffic?cntly so to spark when su-uek by a steel pick^ a pro¬ 
perty that is used as a rough-and-ready means of recognizing it in a 
g^qjsuriL iTiitiO OT- quaiT^c For many years anhydrite was a Wncsto 
prod.uet. iL ia nnw being increasingly used aa a source Joj- sulphur, 
but niucli ia discarded. 

Geological study has thrown light on the mode of origin of 
gy-psum depoaitSj and lias delimited ihe strata in wduch the mineral 
is likely to occur in commercial qaaiitit[es. The mineral i.s one of a 
group known as "evaporites^—residual deposits loft by drying up of 
inland seys, Cemplere evaporation of sea waier from inlaiid sea:i 
huEi oeetirrcd in one place or another on the earth's surface at 
various times during geological hi^^tovy: the various substances that 
the wai:cr contained, in solution being left behind. Each of these 
substances possesses its own d[;grec of solubility h As would be ex¬ 
pected. ihe more highly soluble ones retained a stronger hold on the 
available water than the less soluble. In consequence, when water 
diminished to a point where there was insufficient to satisfy all needs^ 
the least soluble substances, certain salts of iron, small in quantity^ 
were first throwji outn The next group were carbonates of cy.leium 
and magnesium. As water still diminishedsulphates^ largely of 
calcium (i.e. gypsum and anhydrite)^ were dopotirod. Then followed 
common salt, preisenl in the earth in large quantity. Finallyj when 
well over r;^o per cent of the original sea water had been evaporated^ 
there followed tlie depoution of a number of other substyuces, in^ 
dudmg potysh- 

AU. dio.^e thick gypf^um. and anh^ndritcdepo^^lts of Brhnin that have 
bc:eu knowjt foi' several hundred years are now recognked as occur¬ 
ring in the IVjrniian and Triaasic strata {pp. 64., G5), gypsum-bearing 
formations that have been delimited as part of the geological survey 
of the country, d'he chief areas are around Carlisle in Cumberland^ 
in the Midlands around Newark^ Loughborough^ Burton-on-Trent 
and Nottingham; and in Glou.cestcrsliire^ Glatnnrgan and Somrrsfrt. 
Until about 1875 u wa5 thought that gypsum was confined to these 
arciis. In that ycar^ hovi'cveTj anodier source was discovered. This 
discovery was a direct result of geoiogicai invest!gationsi, though 
perhaps ii musi; be admitted that the science can justly take but 
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]Hi:le i^Tcdkioi: it, siiicc ilio ric:v 7 source ^vas accidenially found during- 
a geological seiu’cli for coal. The circumatances wern Tiiat in the 
middle of the nincU^rmi:h century^ R. A. Godwin-Austen^ a. Surrey 
landowner and a distinguished amateur geologist, had predicl.od the 
presence of Coni Measures beneath tlic Weald of Kent and Susf^cx, 
In 1875 the Kfiiish Association for the Advancement of Science 
hecanno interested in his vie-W:^^ and linanoed an c?:ploratory borehede 
at Mounthekh Sussex, with tJtc twin objects of ]3ro\dng Godwdn- 
Austen's theory, and of inv<:gt;igating iJio fttiuoturc of t)ic Weald. 
Unforinnately for the first inir^mion, iJic borehole proved that the 
Mesoisoic strata there w^ere much iluckei’ ihan ha.d been esti- 
maLedj and money I'an out before ihey were penetj-ated; and in 
any event it is now hnowui that no coal exists beneath Mount-held. 
But the borehole proved thick deposits of gypsum In tlui Pmbeek 
Beds at a sivlTieieeitly shallow^ depth &om the surface to permit them 
to be inuicd at an economic rate. 

Tlie borehole was in point of fact a great success, allliongh it 
proved no coal It prow.ded reliable evidence on wdiich new" Idea^ on 
the concealed geological structures of the WeaJd could be based^ 
which ultimately led tiii the p.otual diiscovcry of the Kent Coalfield. 
It also stands out in the &imul.s of geology as being the firiit deep 
borehole to be made ug a piece of pure i cscarch, Mountfield is now 
one of the chiefprO<iucdon areas of gypjfUTn in Britain, 

The fortuitaus di;iCOvcry at Mountfield, howeverj ig not a true 
index of the place of geology' in g^^pgum-working today. Gypgum 
dq>osii:s. as wus coal^ wore firfii ’vvorked at the ouLcrop and J.hon 
Ibliow'ed undei-ground as far as possible. But beds of gypt^um are 
not conciiiuous over vast areas. T'he vagaries of their behaviour %vere 
only understood after the mode of deposition had been deduced. 
That information, combined wfitii an appreciation of local geo¬ 
logical structure^ enables aa mielligent estimate to be made of 
iKc areas where g^yiuun i^ likely to occur, and guides exploratory 
dj'ilhngH 

Gypsum in Great Britain now both quarried and mined. Iji 
ihe $anio way diat geology a bearing on many mining engine string 
problems in coal mining, as outlined in Cliaptcr XI below^ so has 
it in gypsum ntinlng. The same technique of exploratory drilling 
follow^ed by interpret don and oo.rreJatiou of the evidence obtained 
thereby is used to deteiirdne die form and extent of the concealed 
beds. Gypsum mines, however^ give ono problem that the coab 
mining engineer does not eiicouaiter' gypsuxn is relatively soluble 
in water' faults and other jiU'ucturnl lines of weakiiess liave allowed 
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local ingress of water to parta of some of the becl:^^ and gypsum gradu¬ 
al J.y=' has been removed in solution. An esdmja.te of r esc Wes, made 
even after an expensive progr'aijamc of c^tploratiori: may be proved 
errcineons, for a seam may be found suddenly (o bo represented 
oUhei^ by voids or l^y disturbed strata ^iiat had collapsed alliir the 
gy]:)3um had gone* 



nHAPTEIi X 


Civil and Si-racktral Engineenng 


T HERFj te el close relationship between foundation works for 
bijilclingSj bridges, dain.^, and oilier struetureSj and the strata 
diat support tbojn. ^.11 diosc s^truoturea rest in the strata, rather than 
on the ground surface; consequently foundations and supporting 
beds have to he welded into a whole^ as it wore. Geo]ogleal 
factors thus enter into die initial stugoa of all civil aitd struc.tural 
engineei’ing work, 'rhis applies in principle whatever i:he size or 
stylo of erection the foundations have to carry^ or whatever the scale 
of excavation.j whether for minor works such as house building or 
laying ^cwci'agCj gas and water mains^ or for major activities con¬ 
nected with the construction of marine docks^ railway tunnels and 
other large works. 

It by no means follows ihat Llic geological T^ature of these factors 
IS consciously apprecialed in relation to evcrytiiirtg lhar is built, uor 
that it is alwa\^ necessary that it should be. For small and light 
bciildingSj satisfactory footings are normally designed in tJie ligliL ol'a 
little common sense. Yet even in these cases the value of a common- 
sense approach is oftevL found to be seriously at a discount should 
ground conditions be awkward. 

rOUnOATION WOI^K IN PAST OENTTmiTS 

It is well luiowii that during die ccntiiries preceding the founding 
of geological scicnccj and stretching back Into antiquity, uuniense 
engineering schemes were successfully underiakon. In view of the 
.size and permanence of many ancient and mediaeval huildiugs and 
works—pyramids of Eg^^pt, Roman viaducts and aqueducts, Normair 
cattlesj mediaeval cathedrals and bridges—tlie twin queries arif?c ajt 
to wd]ether the long-tried mctliods of the engineers of those days are 
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XIOt sufficiently adeqaate Loday^ atid geology n science 

has in point of fact any addidonal advaTitagcs to of^cx civi^ 
structural cjigiiaccrs. 

It cannot he: rj^ucstioned that the engineers and builders of oldj 
iike tfio old tniiung t^nginrci's. were fully alive to many fealiu’es of 
the rocks which Loday have a g^.lological connotation. Long ago nr 
Wiis knowm that a house built on rock wjis better founded than fmo 
built on sand. It is jDalpably inconceivabli: tlnu. the Egyptian^ 
Greeks and Roman engineers^ architects and bnlldcrSj and the 
designers of out' great mediae™! castles and cathedrals, did not 
possess welhdcdnoci ideas on the possible intei’action of iheir pro¬ 
posed buildLiigfl and the supporting i^ocks. Yet these old engineer 
confiidered as a group, were iio^ always as tJuCcessful as at firijt 
sight they may appear to have been. The works whiedj. we 
admire today arc survivor,^; many others have been lost. Disaster 
overtook the mediaeval cathedral of Utrecht. The greater i^arL of 
the nave of this building collapsed and has never been rebuilt; over 
ir^j site a main f.treeL j iuis wi1.h 1:1 lO OL-iginal cathedral tower on one 
side and on the other i:h(; present caihednib oomposed <if the original 
cliancel and Lhe remaining paid of ihe nave. Majiy bi.iiJdings show 
obvious improvisations, introduced to meet niieiqpected coniiidons; 
soine^ such as those of the Leaning Tower of Pisa, are contemporary 
with the buildings; others lite of Inter date^ and include buttressing 
and underpinning. 

In many of those old buildi^g^l incipient damage, prnduOed by 
difierential subsidence, has been countered and recLifiod by ingtmious 
adapladons which i^rove the builders to have biicii brilliant en¬ 
gineers, but also indicate that the means were noi available to tiieni 
of foreseeing in any detail all the strains and stresses likely to be 
produced by the interaction of the jnan-made superficial structure 
and the supporting roe.h^i. Further, those eEither builders had the 
important advantage of a free choice of she; an advantage that, 
particularly as regard.^ as.cucliural wurh^ is often denied to 
aroliil:ects and engineers today. 

The menace oe gonobalf.d peat ueds 

Not infrequently, building sites that arc imposed on architecl:s 
today, particularly these for factOTU’s, arc on alluvial dau bordeidng 
rivers. Locally the surfact: alluvial clays of ihcse flats conceal beds of 
peat whichj unless detected and suitably dealt with, usually lead to 
trouble. This is especially so if tlie peat beds are dried out by drEiniEigc 
worksj which ii.sually accompany building operations. Feat shrinks 
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very greatly on drybg out^ eind the action is commonly Irreveraiblo 
by Tc-welting. Euildings creciied ovei- peat thu? iiend to till and crackj 
especially ]T the peal: bed varies in thickness within ahori distances. 

VariOJJi? cilder buildings along the TJiarncs Estuary .t-nffer re¬ 
current ^ronldea from this cause, while widhn recent year?> a few 
niiJes north-eajt of London a group of buildings built on alluvium 
unfortuiLaiely lay over a concealed narjovv pca.t-filJ.ed channel^ in 
w'hich peat several fect thick al; maximbut thinned 
rji-pidly aw^ay {i’om the middJc line of ihe cliamieh It w&s unde Lee ted 
at tlic time of building, d'lie peat was subsequently drained and. as a 



Fig, X, r.—A few mHoi north of London some houses collapsed through 
having been built ov^ea’ 3. bed of peat that Filed a foiiner stream channel. 


result of its shrinkirig; some of these new buildings were completely 
\vrecked while othci^s j^uffcT cd very severely (Fig, i). 

^Roce' Aim ^SotL" 

Geology nllbrdf^ to civil and s&tructuxal engineering a method of 
determining the naLnre of tlic grotmd around a proposed site^ and of 
estimattng possible relevant <dfccts that the geological structute of die 
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suiTouiidmg iieigltbo-urbood may be likely Lo have. Were it. Lhe 
posiLLon that 'HoUd' p. 72) alone axe ex] 30 sed at the groiind 

aiixfac.ej determination of the above dsJ.ta would usually not bo unduly 
diffif.ajlt- Suchj hnwever^ h not liie oa5e; of equal or perha.pj^ greater 
importance m an engineering connexion i;t Hw. mixeb gToup of 
"drift" deposits (p. 72)^ those products of glaciers^ rivers, wind and 
other eroding and transporting agents which cover large tracts of 
country and which have great variation from place to place both 
in type and in thickness. 

From the engineer's point of view both solid arid drift fall 

naturally into tw^o groups: those soft, and unconfiolidatcd j and those 
hard and compaci. All these materials ai’e regarded as ^rocks' by 
the geologist but engineering nomenclature^ diverging both from 
geological and agricultural usages, mcludea all unc.onsolidatect 
(i.e. unlithified) material under the term "soil" irrespective ehher of 
depth below ground surface at which it occurs Of of it^ geological 
classification into "solid' or Mrifth II restricts dio term hock" to 
hard, consolidated matenah a bod of sufficient thickness and 
strength to aiford a firm base for a heavy^ burden being a "bed¬ 
rock". For convenience this nomenclature is fol.Io’wed here^ but it is 
restricted to the present cliapter. In accepting the engineer's 
definiiLon of soil there is a natural tendency to regard the word 
hmeonsohdated^ as a synonym, for 'soft'. In mo^t instances soils are 
soft, but unconsolidated beds of pebbles, and even of boulders^ are 
also soils. 

Soil^ may bo grouped IilLo two divisions: those in which the 
particles cohere in die mass^ wheiher wet or dry, instanced by clay;^; 
and Lhoao in which the particles do not cohere when dry (although 
some may have an aj^parent cohesion when wet resuhing from 
surface tension between films of water aroutsd the grains^ instanced 
by silt, sand and graveh Rocks are of many types: conglomerates, 
sandstemes and limcstonc^i f)f various kinds ihat were laid down in 
pajst ages scdlmonls; graniies, basalts and kindred igneous rocks- 
itchn^ts and slates and otliei's of metamorphic origin. 

The engineer is normally concerned witfi in the mass, w'^heii 
Lhey possess features extra to those pertaining to small specimens. 
A thick deposit of soil usualiy contains different types of material 
in alternating beds ranging in tliickness from a fi'action of an inch 
to many feet, A reasoned assessment of probable variation and 
extent of the different beds is obtainable by recounso to a geological 
examinatioTi at. and around ihe propose^] site and by an under¬ 
standing of Lhe processes that ]ed to the formaiion of these deposits. 
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RE^mREMENTa OF A IN y.f.st;gatton 

A site inve^trgation of wodcrn mt^ludei (amongst oLherf^) 

an examinaiion oi'ihi: f>11 owing goologinaJ points: 

(r) Xature of tUp w^heiher hard rocks or sails; if the Iattei\ 

whc th er cohesive or non-cohesive; iheir position ; 
mohii urc consent; grading and co mpac mess; and iheh’ 
behaviour under specific laboraioiy teats {ses below) ^ 

(2) CharacteriatlcE of iho mjiai of each u^e of rock^ e.g. whether 
bedded, or not; if'bedded, tluckneasos a.nd variations in the 
thickjces^ of t)ie beds: tlic nature of fia^^ures and joints in hard 
tovks. 

(An a n gemcn t. o Pstr a la; altem a hi 0 iis 0 f di fferc n.t t^^pca; whether 
strata arc horizon Lai, more or uniformly inclined or 
fautLcd; whclhca- bcoken or shatherod. 

(4) The arrangement of the strata and tlielr reactions to the 
reteiilaon and circuladon ofwatei\ 
dlie le^^el of tlie water-table. 

(6) Whether sulphates and other mineral salts are present* 

If one of these points is more important tlian the others it is 
the fifth. The presence Or absence of water is a fundamental con¬ 
sideration both in exc.avath.in work and in estimating the load that 
die strata hencaLb a she ’will support. A bed of dry compact lightly 
bound sand may support heavy bnilding^, and^ as may be Seen in 
many ^andpil^^ will often stand iti a. vertical or almost verticit) face 
for many years. But the same sand^ when saturated with water^ may 
become "quick" should the contained ’vval.cr bo givcTi die slightest 
apportuniiy to flow", and carry the sand wuih it. If3 eflecjive bearing 
capacity disappears. 

Water .rN T1.00E.V strata 

Even in stable rocky strata, water can add greatly to the diffi¬ 
culties, and consequently to the cost, of cngmecriiig w^ork. In both 
limes cones and sand scones it may be pi'c^ent in very large quantit>". 
The ’Wide fissures diaractiTistlc of iTmcstouc fonnation^s that lie 
below the ’^='aier-table carry va^t quantities of water. The chalk 
of the Dover district, for ins Lane Cj is vejy Idghly fissured; one fhsurc 
encountered in the headings of the Folkestone wah^rworks^ between 
J 3 nvcr and FnlkestonCj wus six feet wide. Chalk that forms the sea 
bed of f^over harbour is similarly alTecLed. During ffie consLruction 
of a new dock basiii there during the years it sit first 




Plate VII 



A. The Folkesiiioiir: VVi-M'ri-:n landKliji of 1915 



B. Aerial view of engireeriiig works dcsijj^ned no prev^ent fucure 

FolkciHioiie Warren 




PLAra yiii 



A. Coal-cutting at a collierv' in Fife. Sco eland 



ft?. 


5 . Opencast coal ’Lvorking at Smalley. Nottinghamshire 





OIVIL AND STRUGTUl^AL BN G l6r 

found impossibly to lower tlie level of waler in an area tliat hid been 
completely surrounded by a wall of sieei (slieet piling) driven into 
the sea bed to form i large tant^ as it were- Water continuaJly 
eTitci'cd the enclosure Ifoin fig^urcs in the sen bod at as fast a rate as iL 
could be piintped out. Matters wci^o iurther complicated by the 
presence in the immediate neighbourhood of a channel infilled with 
gravel in the sea bed. The causes of ilie trouble were revealed by an 
examination of tlie geology of the Dover district and an engineering 
plan was idtimaLely e\"olvcd which ovcTCamc the diflicultieSr 

Prior knowledge of tlie lov^d of the water-table coupled wdth 
details of the geological structure may on occasion be detcrmiiiirtg 
factors in selecting a precise locadon for w^orJdng. At the new 
satellite lowu oFHcmel Hempstead a sewerage tunnel was f^ked so 
that the tunnel inv<^i’t level (that is. the level of tunnel base) 
was fixed Lo lie above thy highest levy! that thy water-tabfe had 
been knowm lo reach. The result was thatj as had been anticipatedj 
water problems w'ere non-existenl. On a job worth sornew^here 
between £ 6 o^mo and ^^So^oooj some £-20.^000- £'^ 0,000 w^af; saved 
that would otherwise have been spent had water troubles been 
encountered. 

Water tx oormNED V dock 

Water in confined beds of sand carries potenlial difficulties that 
are avoidable by foreknowledge of the local geology, and on occasion 
of the geology of an area extending several miles around the particular 
site. During preliminarj=' work for construction of the King George V 
dock at Southampton^ a strong artesian pre^^surc-head of water 
under the proposed dock ijitc was iletectcd- A study of the geolog\' 
of a wide ajyn around Southampton showed that at the dock site, 
at a deptii of abouL 100 fl. and hyneath impermeable clayi thei^y lies a 
water-bearing bed of sand that gradually rises northwarrl. This 
comes to the surface sevei’al miles away near Rom soy. There the 
River Test hows over its outcrop a.nd feeds water into die sand. This 
water exerts a pre.ssure-hcad do™ the dip of liie strata (Fig. X, s)* 
In a trial borehole made at. ibe dock site this pressure raised the 
water to a level i&yvcral foot above the ground surface. Under 
natural oonditionSj thoryfore, the pressure head at tlic bottom of the 
dockj which is about 100 ft. below ground surfacej would be that 
of more than roo ft. of water. The dock designed to meet this 
condition. Special ’tvorks keeps the water pressure continually 
stabilized and imdcr control. Plate IXe is an aerial view of the 
dock during construction. 
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Water at.ong oeot.ootcai. FAur.T-PLAniis 

Gr;olo^C;iI aro filvv^ay^j of weakness in I'cl^.tion to 

engijieermg Often tliey £u'0 accompanied l>y ^sli^j.tter 

belLS^ I'lie-ie are l^anda of broken-up roeJs som.etunes f^cvtral feet 
wide^ produced during the di(ferendal Tnovement of the blocks of 
strata at eitlier side of the fault plane, '^riicy.art; to be seen particit- 
I.arly where roclc>^ strata of t>^e£ Lhai: occur largely in Wales and llur 
Lake liJi^lrirt arc fi^.ulted. Fault-lines may often, though not always, 
ho clo^cdy located by geological examinatloTi of the ground surface^ 
and dielr positiojis at depth deduced. 

Deductions of i:his type were most valuable during the con- 
semedon of the Haweswater Tunnel for the Manchester Corporation 
waterw^ork;:. I'here fhe general run of strata was in hard impermeable 
rockj but it was known iVom previous geological study of the gi ouiid 
surface along the line of the tunnel that faults wcT-e j^resent and 



Fig. X, —Artesian ivatcr pressure beneath the King George V dock 
at Southampton relwed by a ay stem of de-watering w^clls, 

wxrc accompanied by shatter belts. The surface indication of a 
shader belt is often the presence of a .5 ii'oaiR valley along it; the orusli- 
material being mure cajsily eroded than tlie unbroken rockn Since 
this cru^h-material is permeable and 1 ^ sandwiched between impel’- 
meable rock, it w^as anticipated thai. each belt might be charged 
’With waterj fed into it both from the strca.ms at the surface a.ud from 
direct run-off from^ Lhe liillaides (Fig, X, 3). At Haw^esw^ater the 
fore’iA^ning made it possible to take precautions to deal in advance 
’tvith the heavy dow of water wliicli was jntermittenLly cncnuiitcred 
durioag escavaiion, 

Tunnels, in coramon ’with odier building strucLureSj reciuire 
maintenance and rcpaii\ A coinmon cause of trouble is water tliat 
from one cause nr anotlier seeps around i:unnrl wallsj particcdarly 
in those railway hmnels that wexc con.sti'uctcd a century or so ago. 
It sofLeuA soil carrying tlie load of tlie tunnel, thcj’eby reducing its 
bearing sirengtbj an.d it may even remove some of it. Unless thi.s 
condition be corrected, tunnel collapjie would occut. 
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UnforLiu-ialfjly in many mytances no record survives of the strata 
through which tliesc early mnijcls were driven, yet it beromos im¬ 
perative to determiTic tlie predisposing causes of water nriovemeiit 
around them. Mucli can be done to rectify tlic doheienoy by research. 
During the Bo-pci'p railway tunnel aL Hastings showed signs 
of onllap’ic- A. geological examination was made of die country 
around ihc i.iinud, of ihe cliEF;iecdons at Hastings, and of the strata 
exposed in neighbouring railway cuttings. Research into all. available 
literature was UiiJcrtakenj including editions of the local Hastings 



Fig-. X. g.—Geological faults make natural conduits for 
large volumes of uii-vvaiited water that may bo oncountcred 
during the construe don of new tunnels ^ 


new^Hpaper con temp nr ary with the construction of the tunuch A 
sutninrj.ticm of the iiiformaiLon so obtained gave data diat led to a 
doliiiite conclusion that ihe trouble w^as occasioned by a ^fauli^ which 
w'as accurately located bellind tlie brickw='ork of the tunnel lining. 
The ph\^ical effects of water on the -soil were mvcHtigatcd by "soi] 
mechanics" methods [siie below). Eo-poep tunnel was closed for 
some montlis for [’ngineeriog nioasui^eg to be takoii^ both remedial 
of the immediate trouble, and prevenlive of its future occurrence. 

'OvERBREAK" in 'I'UNJnRLLLNO 

.iAnoLher feature in tunnelling is 'overbreakk In those tunnel:? 
designed to be supported from collapse by a. lining of steel or cast- 
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iron ringsj or by a brick or caucrete linings or by ?iOmc other £ii’amC“ 
’^'orkj Lt ia desirable to cscavaLe as linle rock as possible beyond thu 
perimeter of the lining- The ejccesa amount of e^ccavation over the 
jnijiimiinL necesmry is termed ^overbreak\ Not only does undue 
overbreak entail needless removal of rock buL it enta.ila unduo use of 
concrete, for cavities loft by overbreak laeiweon die lining and the 
natural rock face generally to be filled in. 

The amount of overbL'eak^ however, is normally dependent on the 
nature of the rock and thtt direcLion of tlie bedding in relation 1:0 the 
line of the tunnel and also on the manner of drilling and blasting. 
Soil: days may bo excavated with negligible or even 3;cro ovei'break- 
On the contrary it is difiicnlL or even imj^ossible to c^ccavate a 
oiroalai' hole in highly dipping well-jointed rocks^ and particularly 
HO in highly dcaved. i^laty rocks. The directions of strike jind dip in 
those kinds of sirataj in relation to the line of tlie tnnneh are iin- 
portaiu factors in the production of over breaks and need to be 
[Jotei'mincd in advance of excavation ^^rk. Fig. 4^ shows the 
effect of wtll-jointcd rock on overbreak, and Plate V the over- 
break in the recently constructed railway tunnel at Woodhead* 

La^'dslipe 

Landslips are large masses of rock or soih or both, that move 
under the influence of gravity. In nature they form part of a normal 
cyxle of erosion, and in many mountainous areas they occur from 
time to time on a colossal scale, in which case there is nothing man 
call do about them. Some masses are shaken from their position by 
earthquake shocks^ others move over a water-lubricated surface 
where permeable rocks rest on an impermeable bed of cl ay. These ^ 
bowtrv^cr, arc not the sole kinds of laiidslips. Many occur in clay 
and sliale strata through a. slow absorption of water following a 
relief of latcj'ai or overburden pressures. This may result either from 
natural processcsi of erosion such as undcrcuitiug along a river bank 
or sea. cliff or from artihclal es^cavatioi'i:^. It leads to 'sircar^ failure, 
that isj failure to resist t’ansvctsc pressures in tiie soil mass. This is 
quite apart from^ and perhaps moro common thai f, watcr-Iubrtcatod 
^ps. Numerous riip^ lu railway cuttingi& ari^o from this cause- 

One reason for the civil engineer being iimoh amc-erned with 
landslips is that in ihe course of cstcavadon work he tends to upset 
to an appreciable degree the natural cquilibiiuixi of the strata 
surrounding his site. Whethei^ he does so or not depends much on 
local geological conditions. 

A simple example of interference is afforded by a landaUp that 
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waa prodLict'd in 19^0 by a road-widtum^ scbcmo nu Surrey'. The 
local strata of a hillside consisted of sand uTidttrlain by a bed nf clay^ 
which again resLod on sand. An old narrow road ran along llie 
bottom of tlie hill; road-widening operations involved the removal 
of mudi material from its hillside banh. The strata at the site of the 
dipped towards the roadn A penviEment feature of the site had 
been that rainwater percolating through the uppci’ sand had btjen 
held by rhe clay hud a.ud had travelled down iis dip Hlope. Previously 
to excavaiion tlie hillside had obviously been in a state of very 



Fi^. Xj 4.—^Overbreak^ in a f.unnel eKLcavation in well- 
jointed rock. tvto Plals F.) 


delicate balance^ Excavation at the bottom of the hillside l emovcd 
the tOCj 30 to Kpeak; with their suppori gone^ die beds commenced 
to sbpj and movement continued slowly for a number of years. A 
minor poini; of intei^est in this slip is that the line of parting at the 
surface ran beneath a large chestnut tree. One half of the roots was 
anchored in stable beds, one half in the slip; the tree gradually 
split up the middle. 

Preventative pre caution£i arc widely taken today wherever 
geological examination of a site shows that there is a possible cliance 
of slipping. At some siLes where an excavation is later filled in the 
djungcT is temporaryj but where an excavation remains permanently 
opeUi as along railway cuttings or Oanal cuttingfij it ift cver-prusersU 
In praciicej landslips along t'ailways are fewer titan they might well 
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bo^ Mfitiy t:liib(.>Jra.te and espensivf^ preventive vvork^^ designed in tHe 
iig'hL of local geological conditions, are regnlavly undci' oorisivnction. 
But slijojiiing- is not entirely avoidable, and eacli abnormally \vel: 
season brings ie; quol:a. 

On occasion natural landslip sites have jDerforce to be used for 
engineering purposes. Ihe railway between Dover and Folkestone 
15 laid on cJialJc that has sli.piaed over^ and rests on the Gault, al&o dis¬ 
turbed. In pa&t ages huge masses of chalk and clay have slipped to 
form what is ntJw known as Folkestone Wfirren, and occasional ^lips 
have taken place since thi) railway was built. Geological research 
over the whole district and investigation of the slip itself^ both by 
purely geological means and by mechanica, have elucidated tine 
main cause. This is ^shear" failure iti the clay, caused by erosion of tlit; 
cliff ba.Ve by the sea. An unbalance of ihc natural ftirce?^ operative in 
the strata occurs, Tlie Gault has proved Linable to sustain ihe greai; 
weight of ihe overlying ma^s of Glial )c that is preseiiL, and has yielded. 
Esdensivf: englneeririg works have recently been undertaken to con- 
stiuct a counterpoittej so to speak, to prevent any ftij-thcr movement* 
Plate VIIa^ shows ihe Warren landslip of ^ fmd VTIb^ the }irescrLt. 
remedial counterj^oise. I'ig. sho'tvs sections across iho slip. 

ItOADS AND -RAIT.WAYS 

I'he n'ibovc u^iamph^f^ of landslips indicate the importance of 
adequate geological uiformation in road and railway Tnaintena.nce. 
It is doubly valuable to engineers eeueerned with building new 
roads and railvrays. Many considerations govern the general choice 
of routes j in which geological factors may or may not predominate. 
But a geologie^d .survey of a proj^osed route greatly agists the engineer 
in avoiding pillalli and future troubles^ either by making minor 
deviations from Lhe original plau^ or by r.onstrucLioiial prevcritive 
works. 

DAVt s-rrits 

Dnim building provides many fustructivc examples of the 
alliance of geology and civil engineering. Rocks at a ^itc selected 
for a darn for water su'jragc reservoirs havo to satisfy two main 
requirements. I'hey must be capable of siipportuig the dam^ which 
is not only a weighty sti^ucturc, but is also one thai is subject on one 
.side only to the hea\q- pressure of the retained watcj’. The bonding 
of a daiumto the natural rocks must also be virturilly impermeablej 
otherwise an cxA:cssive ainount of water would escape beneath or 
around it. 




NordifimptonsliiTc. (Afbfir Hollin^worth and oth 
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In the nature of a dam Is normally situaLed in a river 

valley. A number of points concerning die geology of river valleys 
generally^ tJnerefore become relevant. As remarked oji p. 75^ aa a 
result of the f^tudy of the effects of die Great Icc; Age it is known that 
beneath each of the present beds of many river valloy^> suitable for 
iynpouudiug water Lhci e lies a drift-lllled channel^ or a bed of a 
former glacial lakie. This implies chat at one period the valley had 
been cut much deepea-. and that it had subsequently been partly 
filled with a rubble of boulders^ grave! and sand. 

Should a valley with a concealed drift-filled chamie] be used as a 
water-storage res or voir ^ the dam ticcds must be founded below the 
base of the drifts whatever it^t depth from thr surface maybe. I’hick- 
ncSRCs of too IV, or more arc not uncommon. Even under natural 
condition.^ waLer traveh thi^oLEgh these concealed drib deposits as well 
as over the bed of the stream. Uolc^^s flow beneath a dam be pre¬ 
vented j the normal rate of sub-iui’faec flow -^vould l^e greatly in¬ 
creased over the natural rate on accoiiiiL of the hydrostatic pressure 
afforded by the dammed^up water. This In turn would cause the 
removal by 'internal erosion' of smaller stones and sand from 
beneath the dam, leading to its ultimate collapse. Legacies Ifom the 
Ice Age, however^ arc not all disadvantageous. Geological work 
has discovered tViat in some vaheys glaciers liad cut basin-shaped 
hollows in the upper part of the valley fit jots to leave a frock-barrier’ 
on the down-stream side of each basin^ These rock-bari’fers may 
now be obscured by river ctebris of more recent origin^ bnr they are 
present none tJre less. The great Welsh roaervoh^ of Vyrnwy winch 
wa? coiL^tructed towards the end of ihe nineteenLh century takes 
advantage of a gJ.aciany formed basin and rock-barrier. The 
existence of a barrier Jiaving been deduced, its position was 
iocated by a number of trial boles, li has been i?ut to good use 
liie lirm ba.so cA' the reservoir dajin The reservoir^ which htdd^ 
approximately ic 2,000 million gixllona of w'ator when, fhlf k thus 
linked tlirough gepiogy with glacial acLioii of some 100,000 yeas3 
ago. Plate IVa shows the dam under construclion and IV"e the 
present reservoir. 

Disruption of rocks in a valley fioor^ as noted below (p. ^04) 
is now known to be common, and it is part of die pj-eliTninary in¬ 
vestigation for dam-bnildings to detercune the dcgt-cc^ if ^Jn>^ to 
which this ha.s occurredn A section of die strnfat aci^o^s the valley 
of the Eye Brook Valley^ I^eicostersliire, iiud another for the Hollo¬ 
wed l^:cservoir, Northamptortshu'e, provided excellent instances of 
tlik phcjiomcnon, Tho^o sections are shown in Fig. Xj 6. 
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Son. Mlcjuanigs 

O^rc.ccut years it ha3 been apprcf^ia.toi'l thal; in many iiL^rances 
whei’c soil is concerned, geology normally understood k in- 
adequale to answer fully j-oany of tlie qiicsdons the engineer af;f:s. 
He desires 10 know^ for exam pi e^ wliat pressure can be imj^osed on 
the ground at his prchpoi^cd sire ^^athouL causing its immediate failure 
as a support, or without incurring e^tce^sive long-ierm seitlements of 
the structure to be bullt 

Few geologist ate able, ecsicept on the basis of expei iencc gained 
fj oru t-osc S-sf^ociaiion with civil engineers, to give any very informed 
estimate of the pressures w^hich a soil is likely to exert on strut^u=re5 
such as tunnelSj retaining walls and the like which have diemstdves 
to support masses of earth. It is a matter outdde thud normal sphere 
of work. But until relathrily recently civil ciighieers Uiemselves 
lacked precise scientific inform a rioji on the physical and engineering 
pro]:?erties of soils with which they -were called upon Lo deal. They 
relied on their owu, and their predecessors', experience in con- 
struetionjd work, 

DursTigtiie fiy,^ttwo cciilurio^ there have been sporadic dieoretical 
anrj experimcTititl attacks on these problemii. Out ofihia pioneering 
w'Oik has arisen a new s-ciciicCj that of ^soil mechaniesh dcvdofied 
from a prc-ydng need for fuller information concerning the strength 
and other physical properties of soils in the many and various 
conditions in which they are encountei'ed in civil engineering work. 

■Jhe name for this study is perhaps not the most suitable diat 
could have been chosen. Except to the initiated, tin:; word koiV 
causes conftision. Fui'dier^ investigations are not ncocssai'ily kept 
directly Vidthin the sphere of soils. The continental use ol' die term 
'geotechmque', which covers wort on aU and cv-ciy kind of soil 
and rock, has much to commend it. The tuc of mechanics^ 
however j has become so wxll established in the English-speaking 
wiorld tiiat it tnight be difhcult to supphint it, however desirable a 
change might Sod mechanics cau truly bc sa.id to be a meeting 
ground of phydes^ civil eiigitiocntig and geology. 

Clays a!:e exceptionally sendtivo to i.hc effects of addiu.on tn- 
removal of water from diem. By die addUlfm of appropriate ajnouuts 
of water a clay that when air dry shrinks and cracks up into a. nriai^s 
of hard ro<dc“like pieces, can be converted progressiv'^ely firstly iutti a 
hrin, greaf^Vj hut uot pla,stio^ mass; then into a sofier and truly plastic 
sULCj and finally InLo \i semi-liquid 'slurry^ Thus the mineral 
particles of clay are seen Lo be extremely cohesivne. 

Pairicles of clay minerals are in a. very finely divided stale; some 
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arc of ciompli'x clieniical composition, ^.11 retain very tliln ^adsorbctl' 
fihiia of iFvater. 'I'liese clay nriiieralft to^Ether with their adsorbed 
water lilmaj have a strong affiniLy for a till more water. Swelling and 
Hoflening therefore occur wherever clay la in fj. position to draw 
water into itself. Thii can result, in liigh swelliiig prossurcs- 

Convorscly, if pixtfsuic Is applied to wet. and thendbre swollen, 
claysj wat-er Is squeezed ont, and llu: volume slndnks. This in fact. 
t)ie proccsti of eompaetioii tlial much audcigo to become clays and 
slialcSn 

Reliable figures for potential degrees of shrinkHtge of dijffi’J CJi.t 
soils when subjected to pressures Cri] ciliated to be dio.se to be [r:>:e] t(;d 
by tire w'^eights of proposed buildings or other structures are among 
the scientific data f^oil median ic^t jiow provides. One methoii of 

obtaining them Is to place a sample of sod, eartduDy tal<:cn from the 
gi-0[ind ^^0 that the natural arrangemeiiL of h:s pu.ttides ts not dis- 
tiirbedj in a atttl cylinder. This is compressL;d with gradually 
increaLiiig pressure by a porotK piston. A point is reached whenivater 
15 squeezed out. By relating the piston pressures with tlie calculated 
pressure, say per square loot of ground surface of^ the proposed 
structurej It is possible to make very satisfactory estimates of 
the amounts and nature of the settlcmenty the struchn'e may 
undergo. 

A fH-[fi:r(:nL apparaLu.5 measures ^shear’ strengihs of soils under 
any sysi.em of pressures that are likely to affect them in practice, and 
in any conditions of wetness at which their shear strength needs to be 
known. 

From data of this kind, tlie load that foundatituisi will support 
without disruption of the soil may be calculatedj and also the prob¬ 
able pressures to which tuunelS; vetaining walls and otl^er such 
structures muiStbe designed t.o tiuataiu. These da La also influence the 
design of eardi banks and cutLmgg, and of remedial measures to 
arresL landdips. 

But small samples of soil In the laboratory cannot have all the 
characteristics of beds of soil as they lie in the ground, and laboratory 
investigations taken by tliemselves are incomplete. It is very necessary 
to relate data given by sod mechanics invcstlga.tiou^ in the laboratory 
with data that are more strictly goulogica). Thi5 linkage is normally 
initiated by putting down a nuuiber of trial holes over a site area, 
inakLTig curclul records of die si.rata eucouiitered and taking .^oil 
samples at sped he Tutervals. The records of tliese are corre¬ 

lated much in the same way as those of the deeper coalfield bore¬ 
holes illus haled onp. iB8. 
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A ^Goclc of Practice' drawn up for the general guidance ol’civil 
engineerSj £Lnd issued in 1550^ gives standardized synibolf^ foi- 
different types of jsoU, and methods of recording dicm from U'ial 
boreholes. I'hese symbols are given in Tig. 7. 


OinUE: VIE'l'llOOa OF SITE r?1 VT3T[-.T0ATIOi^ 

Anoiher method of site investigation^ to the same end as soil 
rnechanics much in use today, and one Us at also combines phydes 
vvitii geologVj is ^pre-piling\ By this rncthtd, a pile of known size 
ifgeuerally small scaJej and weight is driven into the ground- by 
hammer blows of known p[)wci; The: depth of penetratLon is measured 
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Pig. Xj 7.—Soiue soil symboh a:3 used in grapliie sections in soil 
mechanit^ in-^TS^dgatiorn. 


for each stroke and the resistance offered by die strata at the different 
depths is recorded. A iiumber of peucti'adotis arc made and the 
records coi rclatcd as for trial boreholes. 

Final]Vj geophy^lcA gives its quota of daia^ The cliief geophysical 
method employed is the mea'^ureTncni of electrical resistivity as 
described on p^ 99 by which local variations in rock-^type and in 
wai:cr consent of Qie soli can ofien be determined. In both these 
Tuetliods, again, the readings obtained mn^t be interpreted vsdth 
reference 10 geological considerations. 


A-Lyoe OR.OUKD 

In all populoTiii areUnS the natvmal conditions oft.be ground surface 
are rapidly undergoing alteration tiirough the removal of materiaJ 
from one s,pot to another. At timcfi this Iv a potential source of 
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eiigmeermg trouble, for 'made ground" through lack of compaotion 
hui not the bearnig strength of compact f^oils. During an examinacioix 
for a -^itc for a new bridge in Kent^ a report wsls submitted which 
asserted thal die abuLmeiLL% would be on Chalk. Thi^ appeared to 
be discordant with Lhe known geology of tlie area and a further 
ination showed that chalk was indeed present, but it had beer^ 
dumped at the spot nuiiiy years previously. It was underlain by 
soli soils, but it is not unknown for geologists similarly to fall 
into booby Lraps_ Some tirne in the rg^o's a paper describing a 
granite fTom beneaili London appeared in a foreign geological 
jour nab The writer did not appreciate that the granite was merely 
part of Lhe foundations of Waterloo Bridge 1 It was, m fact, 'made 
grouiidb 

Made ground occura in many jiarts of the c^-juntry arid is irot 
always easily dctcetedn .An interesting case of Lhia occurred at a site 
projiosed far a large lac tor y in Surrey. According to geological data 
lhe site w'as on clay, and clay sail appeared throughout, but die 
engineer rather suspected the form of ibt: ground. Fortunately be 
found fossils. These were enthely foreign to the country rook, 
and It was ultimately discovered ihai: the site had been used h^s a 
dump for clay from a railway cuiting some miles away. Much of the 
surface was made ground with ]3O0r bearing capacity, and the 
foundations were designed accordingly. This instance also em-- 
phasizes the importance oi'tidal borings and soil tests^ to avoid such 
pitfalls. 

SOURCn.'i OF MATERIAL 

Civil engineering, similarly to so many oLher industrial activities, 
derives benefil: from the purely recording -work of a geological 
i^urvey. Transport of material is a heavy item in costs. A knowledge 
of lhe Icjcation of building stones, sand, gravel and other material 
in relation to the constructional site ruay have an irnportant bearing 
on the tyjDC of construction to be cin ployed. This pa.riicularly applies 
in th.e case of da.m sites, whoTo very birgc quantities of material are 
often required, either for concrete or for 'llllb 

Tgnoraricc of local geology may involve unnecessary expenditure 
on this Hi-:ore, VarioiLS stories of waste of ihis kind, mostly apocryplial 
and perhaps slighily malicious, circulate from time to time. Occasion- 
ally, hovveyer, a true bill arises that serves to point the moral. One 
authcruic instance of recent years involved the ti’ansport of stone a 
distance of twenty miles to a site where the strata consisted of pre¬ 
cisely the same type of rock. 
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OT HHALLCAV trial EORl2UOV.17.f5 

Onf: ftf niOSil: useful functions af the science of geology in 
relation i:d engmeei’ing i;t the collection and cotrolauon of records 
of shallow trial borcbolef?. Unlartunately. records of many boreholes 
m the past have been losi.j atid indeed many are today. It may be 
true thp.t their vaUio to the person who commissioned tliem goef? 
once theij- immediau^ use is over. Yet in future yea]:s^ when combined 
with othei's that are made from time to time in the same area, they 
prove of Lnestiniable economic value to someone else. 

for esainplcj ii is known froTn borehole reeor(i=i that most, if 
not all, of rhe river valle^-^. of southern England contain a drift- 
filled buried channeb crtidcd at a time when land siood more than 
too fed: higher above the sea than it does today. Land has siib- 
^cnuontLy been depressed^ and the deeply cut valleys have been 
Jilted with unconsolidated river or marine drift. This has only a 
fraction of the bearing capacity of that possessed by the .surrouncLiug 
sohd strata in wdiieh the valleys have bocn out. Many records of 
shallow bo]:ehoks have been ma.de along the Mcdw'ay Valley- 
between the Tliames E.stuary and Maidstone- Tlivf^c show iliat the 
buried channel of the Medway is at leas L lOO lb deep near Chadiam 
and is still 40 ftn di^ep as far upstream as Maidstone. As a hypo- 
Thetical case, were a new bridge projected to cross the Medway 
soudiward of Chatham, the abutments in each side w^ould re^t 
securely on Glialt at or almost at the ground surface. But some of 
the piers to be built in the allumal flat would not be foimdcd on 
Ohalk cKCcpt at a depth of some 60 ft. firojn the surface. 

Similarly it h kno^vn that at Xc^vhaven a buried diflt'-hlicd 
ci^^amiel Is ovei- fin ft, deeps oF wliich there is no indication at the 
ground surface. Here again the alluvial clepOMlts are far from being 
closely comp acted j and their tliickncas varies ft'om the maximum 
to but a few feet according to their position in rtdation to the line 
of die buried valley. AVere a heavy building Lo be erected on a part 
of tho alhivial flat where alluvium is tliick^ special and ospeusive 
types td tbundadoii would be required to counter tho differcm ial 
subsidence Lha.t would otherwise arise on ficcount of the differtmees 
In compres^ibiliLy. and local vaidation iu thickness, of tlie soiL 

Ejocords of borehole^i ruadc in pa.st yes.vs iu I.iOudon and the 
Thames area regularly furnish mudi valuable JufoimatioTi i.oday in 
conucxion with such proposals as the coustructinn of underground 
car parks and flood prevention works, and in many other directions. 




Coal and Coal Mining 


I ^XCAVATIONS at or within the eaith^s crust for the pnriDose 
^of extract]mirctab—metallic oreSj coal^ salt, precious stones, 
building stones, etc—been inade from time iimnenioria.l, the 
word 'mineral hero being used in the everyday and commorcial 
^^cn^^o arid not In tho Rdentific sense of Ch^ipiior III^ The 
RoniauR oxploked metallic ore^f m Corn wall, bnt they were late¬ 
comers in mining. Goal has boon mined in Britain for many centuries. 
It was certainly worked in Yorkshire and Derbyshire in the thirteenth 
and fourteenth cenimdes for in 1274 one Richard ie Neyler paid 
sixpence foi: a license 10 dig coal at Hipperholme. In t 3.15 the monks 
at Beauchief Abbey were licensed to get coy.l locally, and J. Lisler 
(in W- WHieater's Old Torkshire, snd Seriirs, records that in 

^378:, sj.lso 3t nipperholmc^ one Johannes Stra de Handesworth 
WoodhoEisr ^Venit juTcta imuin eolepitto ct snbiLo per infortunium 
ce cedi Lin puteum unde j^ubmoi'-Siis fuifh ^ColepItLe^ is a most attrac¬ 
tive word in this conhcxtl 

The lay-out of niineSj sinking of shafts, driving .roi^.dnj preventron 
of roof falls j and a hniidi’ed and one other technical tna iters are the 
immediate concern of tlie mining engineer, not of the geologist. 
In tlie natural course of events, vagaricj?- of die sera La in which 
minerals occur pi’esent iiunierons difficnUles iJtaL the engineer is 
('.lilted upon to overcome, and there every reason to assunic that 
ihroirghoTit miiung history enginec^^g have applied scie.ntihc nietliod 
to this cud. It scorns likely [Vom PioL^'s record that tho strata of 
Staffordshire were like an bnyon^j that the StafibrtL^hire miners, 
as well as Plot himself^ were not ignorant, of tlio general lie of the 
local Goal Measures. It would thci’efore be wrong to a*^ume 
that geologists of the early nineteenth cenLiiryj who hounded 
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the sciencej suddenly gave mining enginterfi idling of a I'evolu- 
tion^ry nature tliai: tlicy 00old put Lo immediate use. But it would 
"be equaJly wrong to assume the convert e, that geology has given 
litde or nothing. Since its foundation a century and a half ago, 
it ha5 given much indeed. 

Goar includes all those solid fueis contained in the earth's crust. 
These liave been itjrmed by the chemical alheraiion of plant matter 
that has been carboni^iicd to a greater or lesser degree; dial the 
ratio of cat bon to the other contents has been increased over that 
present in the original component plants. 

Atone end of the scale of carbonization come anthracitic coals, 
which have an extremely high oarhon ratio; thc.^C Ooals are black 
and sJiiny. At ihc other cud c^ome h■]l:o^vn’ coals^ f-omc of which 
scai'cely merit the name of coal and arc ofton referred to as lignite. 
(An alternative name for lignite^ ^surturbrand^^ was in use in Rngland 
a century ago but noiv seems to have fallen into disuse. The word 
is interesting u roek-name derived from the name of a charaotei- in 
Icebndic ni^i:liolog>^; Surtr, the black, wa-s a fire giant^ the \vorld- 
destroyer; hra^id^ hi& hvebraTid or torch,) 

Cai'bonisation, and with it the tbci^mal value of coal [tJiough not 
necessarily the economic value)^ appears to increase with depth. 
This view is so firmly esiablisherl tliat ii has been iticorporatfid into a 
knowm as Hilt's Law^ aldiough the vrord law^ is pt^rhaps not 
fiiily justiiled, Coids are placed in order or Tank^ according to their 
ihermal qualities^ and Hilt's Law^ states that wdiere several coal 
seams occur In a. vertical section^ the rank of coal increases wdth 
de]>th. I'lie words S'ci'ticar section' mean vcrttcul as regards the 
preseni-day arrangement of Stiata. 

FoE.(if.VriON OV COAL 

Many of the benefits that the coal-mining industry has received 
from geology liave arisen directly from those invesligations of the 
early ninoioenth ccntiu-y ’which first provided a ttnie picture of the 
conditions under which co^ls were formed. Prior to tliat period 
there seem to have been no clear idcjis ou the matter. The teaching 
at die important mining academy at Freiburg, ibr iustifnccj had 
been that coal and other natural lyifUnnnable ’vvcrc 

amongst the chemical precipitates laid dowm iVnm that univerf^al 
ocean ^vhtcli Werner's imaginalion had oonjm'cd up p. ib). 
Today wc knO’w this to be absurd. 

Early scieiitihc geological work showed conclusively that coal 
has been formed from decaying vegetation. In the natural course of 
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events ajTipliFLesJ.tioiLS of this conclusion have occurred. The qiicstjoti 
has arisen aa to wJ^cthet corI represented foresis tlmt had decayed 
in siln^ or whether the original vegetable matter h;?id been accumu¬ 
lated by drifting Logether m bionic very tensive river estuary or 
lake^ there partly to rot and tlten to be buried by sill and mud and 
uJtimately to become consolidated. Eut points of this kind are 
nothing but variations upon the main^ fully substantiated^ theme. 
Present-day vic^vs arc tliat coal seams represent actual 

forests that were deslroycd in The Coals of these scams have 
largely a wood basisj and Lhey are accordingly known as ^humic^ 
coabi. Another variety of coal of much less wide extent than the 
humic type h "sapropelic^ coal (Gk. s^iproi = rotten) ^ the foundation 
of which is ]>on-woody. Sapropelic coals were formed from miisgc^ of 
niiniite uTiicelbilar plants, mostly algae^ and of spnrc.s of tree-forns 
n'lnd other plantsj all of which accumulated in ponds, lakc^ and clear 
still I3ackwatersj theae to decay and settle, as a mass of rotting 
vegetation—that isj of ^sapropeP. These coals include cannel 
candle) coals which burn with a very clear flame but produce 
much smoke. During the seventeenth century cauuel was used in 
northern conalficld ureas of Erit?un in place of candles. 

Although the foundation maieiial of coal has suffered much 
cliemicai change during dre process of carbonization, humic coal 
in particular still rel.ains many traces of tree-tnmlcSp bark, leaves^ 
spores and pollen grains and still more so do many of the ahalcs and 
silts of the Coal Meansures in which isolated plant-fiagmcnia were 
buried. The Jiature of die plants of the Carboniferous period is 
knosvn m coxisiderablc detail. 

Sapropelic coals contain much less mac ter recognizable as plant 
material than do humic coals^ but they furnish spores and pollen 
grains whicli were blown or floated, into marshy water. These plant 
micro-fossils, present in coal of all kinds^ possesE coats which are 
higlfly resistant to decay. Many have been prcjs^crved in an almost 
unaltered state, and by skilful treatment it is possible today to 
isolate them for examination under the microacopo. 

Deposition or the Goai. Measures 

For long afi:er tlie maximum intensity of the Devonian earth 
storm which raised the Calectonian monutain range (p, 59) ^ the 
crust in the foreland, areas remained very unstable. Extensive tracts 
of country theai tended to subside to form basin-like deprciisions 
which became fresh-water lakes. Downward movements were 
intermittent rai.hcr than coniinuous^ and occurred to a greater 
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degree near titc cenire of each basin thafi around the periphery. 
These JjLT^c basins were aeparatori from each other by mere siablc 
ri( 3 g<:$ that remained above ’vvator. A land ridge of this kind certainly 
lay Lo the south of preaent-day Staffordshire^ to which the Soutli 
Staffordshire Goahleld (sss I'elow) owes its separation from the 
Bristol“GIouccslor Coalfield. Sinoilarly at no time has the Kent 
Coalfield had a connexion with other British coalfield s. 

Sandj silt and mud were hi'Ought into these deposarional basins 
hy rivers in the normal process of denudation of Lhe surrounding 
land. During periods of stabiliLV these materials were gi’adually 
built up to water levolj to £brm sandbanks and niudbanks, which 
spread outwards from the perijrhery. Forest swamps grew upon 
them, and as silting still proceeded^ the foresfe exteirded fcther arid 
farther inLo tlie basin areas and the treesj diough of botanical orders 
akin to those of the club mosses and feruSi worLi ar;;i?:cs parable 
with ti’ee forms of today. 

Lengtliy pei’iods of extremely slow subsidence favoured the 
accumulation oT plant debris, to thicknesses of Lens or even hundreds 
oi feetj hi the form of trce-’LrnnLSj branches, leaves^ spores and 
pollen grains? whieh fell into lhe stagnant marshy waters. But Uie 
more rapid pexiods of subsidence caused wliole forest tracts lo be 
gi.ibmergedj and gradually to be covered mth progressively thicken¬ 
ing beds of mud, etc., built up from materials that were con- 
tmually being supplied from the adjacent liind* At times a sea 
broke into a fresh^water bafim, althougli it 5 tenancy was usually 
short-—that is^ short in 3. geological scn^^^:. On occasion morine 
invasion appear r to have occurred simultaneously over all^ or almost 
all^ of the Goal Measures basins not only of Greai Brh.ain. but of 
n.orUi-wcf?teni Europe. This was a rosuU of a regional raiher l.haji of 
a local srib.'^idcnce. 

After a period of local crustal depression and submergence 
following upon a re-estabhshment of relative stabilitVj each basin 
again gradually became silled up. Again deposits ultimately readied 
surface water level; sandbanks and mudbanlts were formed anevCj 
to be colonized with a fresh swamp-forest grownh. 

Goal Measures RimirMS oe OEPosrrroN 

Repetitious of iubmergent and. emergent episodes suggest 
rhythmic movement^ aud in fact rhytlimic sequences of beds of 
(jdferent rock-t>Tu ^rc cl-iara.cteristic of the Goal Measures. A full 
depositionai rhythmic sequence, commercing from a forest period^ 
is as follows: 
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(1) Eorcsi growl:lit vcji.-y slow subaidence of iandj pcnniLtljig 
accumuIaiLon of voj^ON±bk matterj but withoiiL accually 
drowning the growing roicf^t, 

(2) Incoming of the seSj bringing much mud to Cover tJic forest 
area. Marine animals lived in the sea atid thoir remains 
were Lncorpora(:ed in the mud, to be preserved as foasib. 
It is still a matter of diaciission in the geological world as to 
whcdicr the sea invaded a ^warnp srea because of actual 
^subsidence of its foundations^ as it werc^ or wliethcr the 
ground surface of the forest swamps was lowered through the 
compaction and consoquent decrease In volume of the 
underlying aedimenUi; or indeed whether some local rise in 
waU^r level occurred. It may well be that all proccascs were 
involved at one time or anothei'. 

(3) Lowering of the ground surface coniinued; the sea was 
gradually excluded from tlic luirnediate area, by silting up 
of the points of entrance^ and the water became bra.oLish 
or fresh, in which lived IxeshwaLei’ anails and bivalves. 
Mudfj were accumulated that formed shales in which feesh- 
wiilor or bracbiHh water shells are preserved as fossils. 

(4) Subsidence ceased^ ;±f^ a basin became graduitdy filled up 
the t^=pe of deposit cedarsened; muds g^vc place to SiltSj and 
silts to sands. 

(5) Sandbanks and mudbanks were formed at surface water 
level and became colonised by vegetation. A "seateartli'j 
that h, a soil and subiioli that were penet]■^^xcd by rootlet?^^ 
was formed on wlilcli a forest gi'cwu The scatcarth may 
be a shale^ a aiitstone or a sandstone. 

A complete set of beds^ however^ is not neccsiiarily present in 
every rhyihini.o sequence; for instance, a forest may ha-vc been 
drowmed by fi’esh water, without the assistance of an inbreak of the 
sea. Variations in Goal Measures rhytbrm are shown in Fig. XIj i. 

Split coal gLA\fs 

SubsT deuce of a basin floor tended to be a more or Ic^s contmiious 
but very slow depression near the periphery. This nUowcd forest 
swainpfs to grow with little or no jntei:ruptior] and thus to give rise 
to an accumulation of a very great thickness of decayed vegetation. 
Downward rnovenient of progressively inci^easing degree towai^da 
the centre. In consequence there was periodic interruption of forest 
growth, and drowning and burial of the forest by an accumuladon 
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ol' clays, and .^andfi. Sometimes die Ciia.l sc^.ms rcsuUiiaj^ from 
tbego (oj'OHtH contprise a single, vei^y tliick bul: composite bed in on a 
dislrict: which, they are traced towards aiiother dlstricL. are 
seen to be divisible into a number of thinner bedSj separated by 
progressively thickening bcd.5 of other sediments. 

An actual example of diis t?cfaiT's in St.mth Staffordshire. In the 
Dudley diNtriot a coal seam known as die "Thick Coal' has a iniCKT- 
murn thickness of gO ft. Although apparemiy one seam, It is acLi.ially 
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Fi^-. XI. r.—Variauuij. ill rliylhmic sedimentation in Coa] Measures. 

made up of a number of dislmcL layers (Fig. Xl^ 2). As die seam is 
[raced northward the sc layers become separated by a gradual ty 
increasing thickness of muddy sediments^ until at Littleton, the 
thickne.ss of the depo.sits which, correspojtds to the 30^1, coal at 
Dudley, but which now indudc.s much mIiuIc and silt^ la about 
lyo ft. It is dear that around Dudley depression was so slow that to 
all inu^nts and pirrposes forest growth \vas uninterrupted, but around 
Littleton subsidence was intermittently much more rapid. Growth 
w^as interrupted from time to time by yubmergencc. Farther iiorih 
again^ intermittent subsidence was still more rapid and still greater 
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thicknesses of sik were; accumulated between each submerged pca.t- 
bed. 

Around Sfjourbridge tlie scarciJ.rtlLs .of sovei-al coal seams lie 
vertically close together and give rise 1:0 the jmporla.rt fireclay 
ijidtiitry of that area. 

In the Lower Goal MoasLires of Yorksltire and I^ancashire many 
seatearths are rcprcscnlcd by a hard almost pure siiiceoui rock 
kuo™ as gan]gl:[’r„ of great value as a refractory mineral. In some 
instances the appropriate coals are mere frJms of black smutty 
material, each representing a forest swamp of very short life. 


GEOLOGY /\I^D COAT.EIELD DEVELOPMEXT 

At first glance the ibrcgoivig brief geological dc^^ciiption may 
appear' to have more ofan academic interest than a practical one. Yet 
detailed Itnowkrdgc the principles and facts of sedimenlation uird 
of the fossil fiima of ihe Goal Measures b fundamentally impoj't^i.nt 
to coalfield de^'^elopment today. Mo^t coal is got mining, the bulk 
of it being cut today by mechanical means (Plate VIII a). Present- 
day industrial devdoj^ment demands the con-elation of coal seams 
from colliery to colliery. Even were the factory of scdiiricntation to 
be the only ones uccesisary to be considca^cd: the diificnltics of doing 
this would be Ihr from negligible. Bui. the Coal Measures have been 
much eon tor ted and broken in posuCarbouiferous time.^. Earth 
movement^ have,produced frdds and fauUs to greatci' or le^j degree 
in all the Goal Measures of Great Britain and nor i:h-wc£iLem'Eur ope:. 
During posL-Gaxbonifoi'ous land episodes, erodon removed Uie Coal 
Measures from many wide leads so that the original dL=ipo^iLloiiaI 
basins are now fragmented into a number of smaller ones. Within 
ita small compass Great Britain alore possess some cwenLy-three 
coal-bearing as follows: (3) CenLral Coalfield of Scotland 

Basia)j {^] Stirling, Clackmannan and Wesc Fife^ (g) Central 
and Ea^t Fife^ (4) Lothians, (^; Ayrshire, (6] Douglas Valley^ 
(y) DumfrioSj ( 0 ) Argyll. (9) CumberTand^ (lol NortburnberJand 
and Durham^ (iij Lancashire and East Cheshire, (la^ Yorkshire 
and Easi; Midlands, (13) Noith Wales, (r.j.) North Staffordshire, 
(15) Leices tersiiire and Soui:li D i^rbywhircj (r 6) Warwickshircy 
[ij] South Stafforflshire, (rd) Fon^t of IVyrCj (1:9) Coalbrookdalc 
and Shrew’sbury^ (yo) South Wales^ (21) Smneract and GlouceHti:rj 
Forest of Dean, (23J Kent. Their disLributtOT] is sltowTj in 

Fig. XI, 3- 
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In sonic of tticKd’ areas folciin^ and faulting is intense. The LS^nth 
Wiiles Goiilfield involved in i-lie forcknd upheavals of the Carbf>- 
Perminn monntain-bnilding period (p- 59) with dra=itic effecti 
on the Coal Measures, who^e originally eontiTiuons strataj in 
addidon 10 having been tblded inlo imiunierabh: aTi.tLehnes and 
synelines, have been broken ind displaced by innumerable faults. 
Some of rhese displace beds several hundred feet. Fig. XI, 4, shows 
a representative diagrammatic section across part of the South 
Wales Coalfield. 

Wliile there Is no doubt that before tine nineteenth cenl:tivy 
niitLing engineers generally understood rnuch concerning tlieir 
respecllve mines and the seam or seams they were workings they 
possessed few or no means of identifying li scam in. one colliery with 

—-^-—- - ■■- 



Fig. XI^ 4.—The Coal Mefiaures ol'South Wales are heavily fcJded and 
fauked. Some of the mo^t imporLa^il economic work of recent, yeai^i hsiii 
been the clTicidation of the complete sLriicLures of tins coalfield. 

the same seam in another, though in c.erum irl^^l;aTu■:e^^ identification 
was possible on a liinitcd scale. For example, in Staflbrdshire one 
particular scam contains sufficient salphur Lo produce on burn mg a 
Hmell of sul]ihur dioxidCi and in known aji (he ^slinking coalb II: 
was recognized wherever it w^aa encountered. 

EsSEKTTAr. GEOLOGTOAL I^■FORMATIO^■ 

It maLLcred liLl.le in ihe earlie&t days of coal mining, w^hen the 
industry was smallj ihat the general distribution of coalfields in the 
country was litcle known^ and that methods of working in adjacent 
minei were in many cases discordant^ and that each colliery was a 
law unto ttselfj as it were. Widi the great and ever-growing demand 
for coal that accompanied the industrial revoluti.on in Great I 5 ritait>, 
and has continued until todiiy^ more and moT'e detailed inibrmatioii 
han bccT] required on whieh to base plans for eoabgetting in ever- 
greater quautit>". It has become progr'essjvcly more atid more 
important to know [1) tin; general distribution and limiis of coal- 
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i]c]ih ii] tTic country as a whoir; (q) a general scheme of correlation 
of Coal applicable to all coalfields' (3) detailed correlation 

of coal senma In each coalfield; and (4) an understanding of the 
patiern of folding and faulting in die Coal over a wide 

area to assist individual colUcriei to overcome the difficuktcs wliith 
folds and faults produce. Amongst other matter.s^ informadon of tliis 
hind ininiTntzes bbnd exj^Ioraiioiij ^vh^ch can be very costly. 

lu ilic Old WorJdj those areas when; Goal Measui'es come to the 
surface were recognized centuries ago. Geologic?^! mvestigationj 
howeverj has been icspousible for the discovery of those tracts 
where coal lies concealed beneath newer rocks. iL is by no means 
ce]:tai]a iliat the whole of the coa.l reserves of Britain have yet 
been, determined. It is still pos.^iblc that ooa.l cxi:its boncsth parts of 
0 :l^fordsbireJ Northamptonshire and die VVcaid; and there a 
po^.^lbilitVj albeit a very dight one^ that it may underlie the ca&tei'n 
parUs of Essex. 

While geological work liaij been ri^sponsible for the elucidation 
of the complexides of the geological sLi nctiire of many coubields, 
it must be emi^basized that even today a compld.e picture of (he 
arrangement of tlic coal-bearing strata does not exist. From Lime co 
time la.ng-estabhshed views are still proved to be vTong, sometimes 
with vastly imfiOrtant bearings on future pru.speets of a colliery or a 
group of cohieficH- Within tlio past few yearns the potCTitial life of at 
least one Bril.ish colliery has been prfsloiiged a great many years 
through the correcdon^ on geological grounds, of a former mis- 
idemification of a coal seam that is thei’e being worked, 

Nt^^TATlVT. C0NC'T,USlON-S OF VALUE 

An extT cnicIy valuable^ though negative^ coiitrihuLion of geology 
to coal economics has been the determination oi' Ci'iteria by rvJiich 
certain groups of strata can be definitely ruled out as possible sources 
of 3 up] 3 ly. and further that where certain of these strata occupy the 
ground surface, no coal will occur withhi those areas^H In England 
during the eighteenth cent^iry much money was wasted in excava¬ 
tions for coal at .sites which it ia now knowm canriol: possibly ^leld 
coal. Even during the eaxly part of ihe present century this inr- 
portant geological attiubiite was by no means fully appreciated, for 
in Wales in at least one instance about 190^ a costly exploratory 
excavation for coal was undertaken^ star ting in Silurian strata. 
Even alter its sponsors liad been inlbrmed. of the true position^ 
it w'as continued on the grounds that in appearance the rocks 
resembled diose of some of the coalfield areas I This last conclusion 




t86 GECJLOC^Y and OURStiLVIiif? 

ivaa probably incorrect in itself^ bul. in any event the fossils told the 
true story. 

In tlic eighteenth century a shaft for coal was suni near tlje 
eoastt at beshill. A rej^uted seventeenth-century excavation in. 
North Dorset, in a fidd still tnown locally ;is Coalpit Fieldj was 
commenced in KirnTnei idgc Clay^ but was rnostprobably in search for 
^Kimmeridgo CoaP, an oil-bearing-j^liale known In the KinriTneridge 
Clay cliffs of South Dorset, bni. not a coal at all 

Data for goxri-lation of Goal MnAisLUtFs 

Correlation of coal seam from colliery to colliery and from 
phice to place is based on severa 3 lines of geological evidence. As has 
been remarked above, the great bulk of Coal Measures was laid 
down in brackish watt^r or Ffosh walor, the exceptions being those 
thin deposits, widely spncixl in the sequence of f^lxaca, that w^ere left 
behind by marine invasion.^. Ai all geological periods, however, 
fresJi-whaler and btackish-water shells have been few in species and 
very slow in evolulinnary developmenCj and in the Coa.l Meafinres 
they are sparsely distributed. But marine life has comprised very 
numerous genera, many of which ^vere subject, to aj^preciabk 
evolutionary changes. The Goal Measure.? marine bands, wdiich ai'c 
often a matter of inches only in tldckncs-s. or at most of feet, contain 
numer^:ius highly diagnostic fbssils. WTen detected, these bands 
clearly mark oif thick gi'oops of fresh-w^.tcr and braclvish-water 
stralia above and below ilicm. But certain of the non-marine 
shehjihavc also been long uAcd with great succcSiiin broad correhitive 
work. 

Mucli geological work has been done on fossil plaiufs, many of 
wdrich are of common occurrence, but hitherto these have not 
proved to be as helpful as had been hoped. The variouE^ plant formf? 
appeal' to have had a vei’v long geological life and consequently tlie 
same forms appear mO];e or less throughout great iJiicknesies of 
Plant sjjorcs, liowcver, are proving very serviceable in 
certain arcfift, 

I'he resultant marine bands of those extensive incursions of the 
sea That appear to have a.ffected simultaneously many, if not alk of 
the basins of Grcai Brilain and probably those of north-wust Europe, 
are traceable over very large areas. One vei-y widespread bed in 
Britain is inowm in ilie Midlands and cl.sowhere as i:ho 'Mansfield 
Marine Band', and in South Wales as ■^}lo "CkdVi C]oed Murine 
Band'. It provides a datum line of widespread, validity. Oihcr 
somewhat less widespread bands have a regional value in correlation^ 
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riTid adicrs agtiiiij produced by very restricted iuva?iionH oi' tJ>c 
have local use. In SlaFurd^shire fourteen marine baiidi have bcori 
doLected^ and eighteen In the Yorkshire and East l-Iidlands Goalfleld. 
To tliese bands the coal seams in lihe iwo districts are now related. 

In correlative work geological surveys of l:hc wliole oft-bo ground 
Hurikee of a coalfield are equally as imporiniil: as ilic u?^c of mar in c 
bands. They naturally have less bearing in completrdy cooccaled 
coalfields such as die Kent Coalfield than in ai’eas where coaJ- 
bearing strain crop out. In order to obtain samples of strata It is a 
routine, procedure to put dovm exploratory boreholes^ some of which 
are taken to depths of ,^^,000 ft. or more. Finally^ many old mine plan^ 
and re^.ortlfi of’woi'kings contain information ^vliichj fiiough dir^redy 
relal:ed Lo diHii:sed and abandoned w^orkings, hold details wdiich are 
very relevaiu to prescTit-clay problcrn&H 

DcriiCTiON or mavinc bands 

Tlie rcquisiic geological e^fidence from the various soiirec^j 
however, is ]:LCt easily acciuiri^d. The ^-tudy of the Goat Measures h 
on.c of the most diHicuU and niosL higlily ^^pee.iy.lized branches of 
gd:ology. In the case of marine bands, for [;xaTnplc3 Mrs. Beeton's 
famous injunclion concerning jugged havtr applies wil:h gfeat 
force; for they are not easy to find. On occasion a band may be 
detected during surface surveying; more often they are located 
cither by geologica.l examination of strata exposed in coal pits 
fCoal Moa-^ures geologists spend much time underground) or by 
examinaLion of materipil from exploratory coal borings^ 

I’his last entails observing, measuring arid recording all variaLions 
ill rock-typCj and searcliingfor, and ideiidfyingj fossils. Both examina¬ 
tion of borehole cores and examinaiion of strata in the walls of coal 
TTu.ncs arc :^ctivitiei 5 for wdiieb the geologist needs the attribute of 
great pa.ticncc ag well as scicntfhe kjiowUdge. In addition to knowing 
wha.t to look for^ and bow' to rci:oguiz.e iL when he must know 
how to look. This implies amongf^t otlLcr things a readiness to 
crack, incli by inch^ a core which inay be 3^000 or 4^000 ft. long, and 
to record descriptions in great decail. 

GjtAPmC S-EGTIONS 

:KecordA of boreholes thus compiled are gummaid/^ed in ^graphic 
secUon^ fornij ag illustE^ated in Fig. XI. 5. Tn Great Britain^ these 
graphic sec Lions are normally drawn to a scale of 100 ft, to an inch, 
but sometimes to one of 40 it. to an inch. As is the case with orna¬ 
mented (as distinct from coloured) geological inaps^ conventional 
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ornaments are used on graphic sections, to di^stinguish coalsj sand- 
sionei. clays, liTncstones and other chaj ictcrif^tic. rocks. 

Groups of local graphic sec dons of boriiholes arc then compaTcd 
lo determine if possible some definite hoi'izon common to a Ik A 
fx?nnpared group of acctioriK often conveys some generEil. though not 
detailed;, idea of structEiro. For e:l^ample, the ]?ositions of a marker 
band in two adjacenL boreholes may show a great d]sCO]:dancc 
relaiii^e to ordnance survey levels ihereby indicating a' ])rtibable 
disturbed rone between the two borehole aitea. The determin^Ation 
ofiLS nature and precise positiou^ however, depends upon subsequent 
geological inve^tigalions. Tl'^c ?.um total of these activities leads to a 
reasonably accur'ate threc-dimenKiojiai picture of the general 
structure of an area. 

GEOt.OGinAL OJUSTACJtLS IN MINING 

Conlorlion^i in the Coa) Measures, that is, folds and faults, may 
j^t'ove to be $crious ob:ftac]t:S to economir coal minij-Lg. No British 
Goal Measures are free irom disturbances^ but on the whole tiiese 
are le^s pronounced than rhey are in some continental coalfields, 
although in Somerset and in South Wales many of the beds have 
been tilted to very higli aagles by folding and they aic alyo greatly 
faulted. 

The Franeo-bclgium tloal Measures are so greatly disturbed 
that some pit shafts piisn l.hrough the same seam, several times. At 
Liege the vei^tical pit shafts actually encounter Devotjian rocks 
(p. 6'2] abo^e the Goal Measures^ so gicat has? horn the con lor lion 
in this area. The .British. Coal Mea^si^ires are much more disturbed 
lhan arc those oF s[>me tsf the couittrles of the New World. It will be 
apparent lhat Uic less the dlaturbancej the less costly is tire process of 
extraction fjf coak 

One feature of the section sliown in Tig. XI^ 4^ is the presence 
of geological faults. A problem of pT C-geologicai days was to deter¬ 
mine which way strata had been displaced when a fault wa*s rn- 
countered m a coal un.ino. li: has previously beejt reruarked thai: in 
iirany in^J.aj^ccs local knowledge^ when seTeutUlcally applied^ gave 
answei's to questions of tliis kind. But investigations were often blind, 
and wasteful both of labour and ofmaliu-iaL A geological apprecia¬ 
tion of the structural pattern of a district and detection oi" .some 
mai’ker horizon or horizons, which may be a. niaiino band^ a recog“ 
nizabk rhythm of strata^ or some Other fcaturOj today obviates 
many inherent difficulties of this nature. 

Water in mines is another obstacle. In generalj British coal mines 
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are relativtly dry^ nud pumping out water that enters a mine fi om tlie 
sursfound-ing atiiita i^ normally a routine engineering matter. In 
certain circumf^tances. however^ especially in the e^H^e of coalfields com 
cealed beneath newer strata, it is of the grcaic^tLmportaiioefoknosvin 
detail die geological sti’uctuix of the whole coallield, botli as regards 
the Coal Measures and the overlying strata. Only ihen can heavy 
and sudden inflows of wal:er he guarded against. For example, iji 
Fig. XIj were the coal seam shown in the upper diagram to be 



F%. XI. G.—Precautiona taken to gLcard against sudden inradics of 
water in coal mines indude making boreholes in advance of 
workingHn X'hEse may bt; up-bores as in A, nr down-borcE, 


worlcod right up to the unconformity with the overlying sandstone, 
water would ceriainly break in with a sudden tush if removal of coal 
readied a critical point when lUf^Eiflicient had been left to balance the 
pressure head of water in Lhe sandstone above. The Knockshlrinock 
mining disaster of 1953 in which a ^iperficial deposit ofwateTj mud 
and peat entered into Lhe coal workings resulted hom an inmflicient 
knowledge of local geological cfinditions. 

In collieries where it is known tlial; the geological stmeture 
carries a potentiai menace of this nalurej it is everyday mining 
practice to probe the overlying atrata by drilling test holes eitber 
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upwards from tlio most foj’ward secuon?^ of tlic coal workiugi?^ or 
dowTiMTtrd^ from rh^ ground surface a Iiti:lo m ad^Tinco of the 
underground posi.tiori. to produce cores which arc subjected to 
geological csaminatLon (lower diagram, Fig. XI, 6 ). 

LoCAX MININO TEJtMS 

One of the lesser functu.Mis of ihe geologist la to interpret local, 
terms used by miners^ quarry men and others. Every couniry hnt^ a 
large quDvx of such words, which arc mostly meaningless to die 
layma-Tii Uiough many have a precise local significance. Generally 
their ctyinology appears reasonably clem^ when the local meaning is 
appreciated, 

A few illnstrativc Eritisli terms of tliis kind ai’e: 

Blaes shale. 

BriT-zUs' —i^yritous coal. Probably a corriip*:ion of "brftssy", 
referring to the appearance of flakes of pyrite^ or Toofsi gold\ 

Cfink —a very hard sandstone, siltstone or mudstone. Possibly an 
onomatopoeic word, representiug the sound when 'cank^ is 
struck wiih a hammer; or tnaybe fram au Old English word. 

Clm^h —in the North Midlands a seateartlij undcrclay or fire¬ 
clay, or a weak mudstone. In East Anglia a hard chalk, and 
commonly a heavy day that forms clods. 

.Deml'ji- dmgk-^ rock w'ith an appearance EiOmewhat like dough 
but eittrcmcly hard; doubtless a character eonfenerl on it. 
hy the devil in order to plague miners. 

I)im —in Somerset a clay-slate. In the North Midlands a car¬ 
bonaceous dirt-parting. Probably coruiecied wnth the coJour 
of the material, 

—thin sandstones aud si]tstoiLCS+ 

GffS —alternative layers of hard and sofl. coal-partings. 

jq)r% jaj —inferior cannel. Possibly connected wdth a 

widespread country use of ^jack' to denote something inferior, 
-inferior bard coal, {Se.e above^ 

-decomposed earthy haematite In North Midlands; 

■ -weathered red shale (and a nuif^at^cc in excavarious) in the 
West of England. "Phe word is connected with red coloration. 
—any loose rock at or near ground surface. 

Simoyi-sSri?igs —cracks, often filled wdth cal cite or dolomite, in 
Ironstone and cements tone concretions. 

Sbfim —soft scatearth, especially when w^et^ or a clayey and 
$haly coal seam. 
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Kveii the word 'fault' as cimiloyed by vninorf^ has 
a jihric.a ^cologu’al f^i-giiiricance. It may dt:n(>1.fc auvfiling whicli 
i>Ucirupi.^ a coal scam or c^u^c.^ a tof:al rletn'iorajion in the coal. 
A fault may Then inclnde a geological fauU; an intruiiioia or igneous 
dyke: a local bending In a scam which makes for difHciilty in 
workings; a 'washout^; or some other less common feature. A ’welh 
known feature in the South Siaffordshire Coaifieidj known as the 
'Syinon Faulf, an unconformity. Washouts are Jocal vcplacc- 



Figr Xr, 7.—The edge of a ^washout' in a coal scam in Noithumber- 
land. Layers oJ'coal ]>ecome split apart by ^v-edgea of siuidstoae, and 
ultimately sandstone completely replaces coal, (After Kaistiicfc and 

i-Iarshall.J 

ments of coal in n. seam by sandstone, silt or shalCj and occur com¬ 
monly. Many of tlicm mark the courses of Carboniferous streams 
wliicb flow'ed through the forest luxid clearing ilicir beds of vegetable 
mutter, tiud depo^iUng mud, silt or sand ■ thus along these courses 
little or no coal-Ibrming material remained. A washout in a North- 
umbtiun coal scam Is iilus hated in Fig. XI^ 7. 

Cleat 

Most cods show the interesting feature of Vleat"^ that is^ of 
vertical planes of clea^ge along which coalj when hammeredj 
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splits into small dice; a featuTF^ known to every hous^rwifti. Gleat 
occLirs in nvo dmections more or less at right angles to each other 
and these are constant over wade areas. In the Northumberland" 
Durham district cleat runs roughly n.<jrth“SOuth and east-west. It 
influences the directioii a.ud method o! working coal since by 
utilizing the cleat planecoal is more easdy got, and less broken 
than it would be if they were to be ignored. The cause of cleat Ls 
sdll a inuttci' of geological discussion- Some j’egavd it as having 
resulted from earth preasuTos and therefore ns being akin to the 
cleavage of slatCj while others considei’ i\. to be more in the 
nature of ordinary jointing-j auch as occurs in most hard rocks, and is 
produced by the j^rocess ofsitnplc consolidation. 

Opencast rvoRKFNG 

Coal mining gencTahy understood implies working under¬ 
ground. The earlio^^t mclhod of getting coal was to dig coal at die 
outcrop on the ground surface^ then to follow the scam, underground 
for ;]uch distances, alwtiys shorty aii were safon IL if? but a i^hort step 
in method from woj'ldng the actual coal crop Lo the removal of 
overlying strata to expose the coal scam and to exploit: it l^y quarry¬ 
ing. The dcgJ’ce to which U'ds "opencast" method is applied today 
depends on ihc cconomir: factors hhai determine tlic rowt of removal 
from the l^ed. Some of diese facLort are geologicaL They include in 
particular the die' of the coal seam Lo be worked^ and the thicknesis 
of coal in relation to die thickness of overburden. 

In Great Britain opencast working on a large scale i& a very 
recent deiTlopmcntj greatly Htiiuulatcd by the exigencies of the 
^ 939 “f 5 World War. lu ecfhnoinic conLlrxuation during post-war 
ycarj? has beeTi rendered possible by the progressive development 
of mechanical bulldozers, heavy draglines and mecJranieal shovels 
for oxcavaLion work. As a generalized figure fisr Grent .Britain, Lhe 
economic ratio of thickness of overburden to flhckriess of coal some 
years ago iva.s about 4 to 1, or eve 11 3 to i. T'oflay it is very much 
higher. An extensive open-casL working in Nottinghainshire is shown 
ill Plate VIIl£, 

A detailed geological survey is an essential prclTininary to open¬ 
cast coal mining. This is nor only required to ddimli the likely 
produruoii areas and tlie actual tmterop^ of coal, bin is necessary to 
deterniine the dip of the bcd^^. tlic probability of faults and otiicr 
^^tructu^e^i. From the detailed survey also some idea of die pi'ol^able 
thickness of coal ^^cama underground is abtaini:d. These primary 
geological contribuhions having been miidCj tidal boreholes arc put 

N 










CHAPTER X)'E 


Ores—Prospecting md Mining 


^"T'^HE word ‘ore’j dcrivtrd Trom' mi Old Eiigllali nanir for brass, 

A denotes a rode ihat conLainj? a rnotal or meiaLs In FuJ^icifirit 
quantity to Tnake extraction economically profitable. The ^prolii 
motive" is. an e^iSentiaI part of ihe definition. The Lcriiij therefore, is 
not a geological one at alL There is a modern tendency Uii indude 
as ores some other mineralij that are often got either wldt tln^m ot 
from the same mines; mineiaii^ snoh as fluorspar and barytes. The 
convenience of tliis usage does not sc cm to he an adequate recom¬ 
pense for the lois hi definition that tlie word ^orc' then anffei's. 

It will bo apparent that metalliferous rock that is valueless as 
an ore at ojio period inay later bo promoted to rank as one through 
the discovery of some new or improved process for extracting the 
metal it contains. This is tiie case wiih alLimiDium ores. Alninmiuni 
Is one of the most abundant constituents of Lhe eartlt^s crust. Except 
in such rocks as are composed almost isoi.ely of non-aluminous 
material notably limostoue and quartz rOC)t&, it h present in mo^t 
common rocks, whether sedimentary, igneous, or mctamorphic. 

Half a cenLury ago small ahmiiniinn medailion^ -were objecls of 
great interestj and rhe metal was little uaed in the Indus Lrial world. 
The development of electric power has provided an ceonoraic 
method of separating the metallic from the non-inctaliic cem- 
stitucuts of certain rodcs. which today rank as ores^ ahhough they 
may not have done so at the turn of the century. The mosc important 
of them is the weathered clay known as bauxite, so named from. 
Les Baux in southern Trance. 

Conversely a rock that at one period is an ore may later be 
de-graded- In the Weald rn disLrici of south-eastern England ironstone 
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>va^ minted and smelted certainly iVom Roma.Ti times untfl the 
nineteen lit century. Weal den ore included clay ironstone and a 
pale grey cai’bonate of iron (sideriie). Much was mined from bell¬ 
shaped pitSp each with a. narrow opening at the top. and widening 
^vitli depth, Tlic walla were thus dome-Hliaped^ a stable form ihai 
provided a aafeiy factor against collapse, Thcae pm ^vcix rarely 
more than sn ft. deep althoug)?. some wore upwards of 40 ft. Many 
quarriesj especially in ihe Wadhurst Clay^ that were oj^ened up to 
get marl for die land or in ^Omc instance.'! possibly a. clay ™th grease- 
absorbing properties for hiilling^ wool, encountered bands of 
ironstone which was aJ^'^o utilized for smelting. 

Although the Wcaldeniron industry lasted some tweiity centuries 
it >vas always decentralised, and w^a^ minute as compared with 
prescnL"day industry. Over smelting Ei.tes and forges are known^ 
bu£ these are sj^read in time over several eenturie? and in space over 
the coundes of Kent, Surrey and Su^sexn The life of many ’was short. 
Tlie scale of working may be judged hom tlie fret that a fiirnace 
at Ashbui’nhu.m: Sussc^^3 a veritable giant amongst odiers, had an 
output ol'atKHil; 350 tons a year; tl^iis was ako die last ironworks to 
be close dj ceasing in 

The linal attempt to treat Wealdeii ironstone as an ore w'as In 
1^57-5^ at die Siiape mine near Wadhurst, Sussex. Two beds were 
’ivorked, one up to two feet tJiiek: both were irregular in fhickness^ 
somedme^ dying out completely for u distance. The composition 
of the ironstone varied nuich from place to place. The roof of the 
mine w'as bad and required Limbering^ and the attempt ended i]\ 
failui'c. 

The Snape mine occurrence is representative of Weahlen iron¬ 
stone generally. It cannot be worked profitably today^ and strictly 
speaking it .is no longer an ore. Ey association wdth its past ranking, 
bow^ever, it is often stid referred to as otio; it holds brevet rank as h 
w^cic. 

"Three m.^tn glasses of qre 

OreSj being rocks, are contained wnihin the general classificaliori 
of rocks. asgiveiL in Chapter III. They may be igneous^ sedimentary 
or metamorphic. 

The general principles of the geology of igneous rocks apply to 
the development of igneous ores. Some crystallize out at an early 
stage in magmatiediffeTendaUon; amongst these are ores of platinum 
and nickcb Othci' igneous ores are not formed until the very last 
stages of magmatic nryf^taUizadon - by thoti their constituent materials 
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liave become part of a bq-uid magma do rc;iidium ihai; coiit.ains 
higlily concentrated orc-maldn^ substances. Some iron ores crys¬ 
tal! ise out directly fi'om a of this kind. The most volatile 

patl^ of an original magma may ultimately leave It in the form of 
very hot highly charged watery solutions or even of gatios; leiid and 
till come from these late fractions. 

Geological work in mines, and at the ground surface in appro- 
priii.tc are asj coinhmed with inineralogica.I and pelrological labora¬ 
tory work.haf? shown that concentrated liquids, hot aqueous solution;i 
and gases from former magmas have all tended to p one irate into 
cracks and fissures in sunrmnding strata, often inider pressure by 
those earth movements tliat ai'c aR:^ocia.tes of Igneous activity. Some 
parts of them consolidated as dykes and sills as do Jtny nou-rnctalli- 
ferous injcetitnis of molten matter. Gases and aqueous soludons 
may either have given rise diTcetJy to minerals of various kinds, or 
they may have altacked the cotmtry rode alongside the cracks into 
which they penetrated. In the latter cverut they prijduced nieta- 
morphie ores—minerals of differenl na.lure from those derived 
directly from a magma, Ml these last injections produced veins or 
lodes of ore that follow the pattern of lare-exfrting cracks or voids 
in the counlry rocks. 

The word dode' is but a varianl of "load^; the latbor, now 
literally something carried, originally signiliL=id an actual way or 
track. Lade is still used for a watercom’se in Fenlaud ctistricts. 
In mining it is syntm^TUOUS with a mineral vein. 

The ocourrcuicc of veins or lodes may be instanced by reference 
to the Carboniferous LimesLon.r: formation- II: has been recounted in 
ChapLei'V111 diat large cavides have been produced in parts of these 
strata^ as ihe result of solution of die limestone by water that has 
percolated along _joint-plan.es, bedding-planes and other cracks. 
This is no recent geological pHenoiricntJn but has been a continuing 
process ever ^inco die limt^stonc became oonsolidai.cd. 

In partf^ of the CarboiiLferous Limestone of Deibyshire and of the 
Mend ip Kills of Somerset^ for example^ some cavities were in 
CjdsLence at a time w^hen hot soluiions were rising from a uuigma at 
depth. They were entered by mineralizing solutions that left in them 
fillmgs of lead and zinc ores. The solutions also combined with some 
of the Jimeatoncs to produce ji.cw minerals of which fluorspar is an 
exanijslc. This Ia well known from the noted 'Bine John" mine of 
Gastlcton, Derbyshire. Fluorspar, possibly Blue John stone from 
Derbysliirc^ itself^ was greatly treasured by the Roitian nobility, to 
whom it was known as 'Murrhinck 
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Tlie mo3L nol;abif sedimentary oj'es of rod ay are tho^e of iron aj>d 
aluininmni. Normally called 'bedded orea^ they occur iitratified 
deposits, in contradistinction to veins and lodes, and are subject to 
the geological law;? that govern all sedimentary deposits. 

GzoLocrcAn prospzctl™ 

The mining prospecLor of today is almost invarjably a highly 
qualified university" graduate verf^cd in all bi'unches of geology^, and 
particularly in [structural gCoJogy, ]3etrology and mineralogy. 
Through hiin^ geological rcsouL'ch has paid high ceonoiuic dividends 
in die assistance it ha<, given in searches for new resources of ores of 
all kinds. It has established the ways in which, the various ore.^ were 
formed and has traced the connexion between thc^^c ji.nd the modes 
of occurrence in the earth^s crust, taking into nccoui U h'iJc.o tiie facts 
of earth movements subs eqti cut to ore-forma Lion. Thi.^ has? led 
directly to the delimitate on of a-reUn'i where prospecting for specific 
ores is likely to bo 3uccc:?sfuh It has given a lead in planning ex¬ 
ploratory work at likely sites, particularly in the siting of trial bore¬ 
holes. 

As in the case with so many other facets of cconotnic geology 
some of tine more obvious (^re-bearing str-ara were probably chance 
disco veil es^ Tlie value of scientific geology lo modorn prospecting is 
immense j ycf. oonfiidL'i-ation of the past gives a sa.lutai'y check on ovor- 
emphn^is, for nhtiiiig history prt^vides an example of the 

inheritance that organized .=icience lias received from the past. In 
Great Britain alone^ lead mines au’e thought to have l^een worked by 
the Roinans in North Wales and in Northumberland^ although no 
actual wr^T.tten records have been preserved. Documentary evidence 
u availahltr that it Was mined in the twelfth century^ and from then 
onwai^ils a long succession of records of grants exists. lu the NTiddJe 
Age.i, for insinnce (wfxcn there appe^^.rs to have been an in (lux: of 
lulnera from Germany)j Qiiceii Elizabech I formed a 'Sociely of 
!Mjnc5 Royal^ and in i ^^63 granted the mineii and minerals of Wale^ 
and of several English counties to various j^eople to work. From time 
to time new bodies of lead-ore wei'e found in the Halkyn district of 
Nor til Wales; neWj extremely rich ore-bodies w^ere dbcovered as late 
as i 7 :>S and agmn in lyyor It is unknown, and perhaps profitksssj 
to speculate how ores of tlti;? kind ’were first discovered. 

Neither the tm-bearing gravels of Goruwall ftiat gave rise to the 
industry of tin-f^treaming, nor the more recently ibund gold-bearing 
all urn a] dejDositi? of the YukoU: to worked by hundreds of gold- 
panner^^ during the nindventh century^ were di.seovexed by the 
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applicalloii of g^iolo^icfii However^ although cliance 

played a part in die; discovery of valuable ores it is unlikely that 
suddeii lucky strikes were ever very common. The oiice-favoured 
surldcn-HucceRs tlrcTne of boyluiod stories in wliich the prospector^ 
hero, dfeiperatel^ up ji.gainsi; Eiuddrnly recognizes in hh Immediate 
surroundings rocks renninding Inm of orcr-bearing strata he had 
seen elsewhere (with appropriately EaLLifacl.oiy results)^ was founded 
on no more than ver^=' occasional fact. 

■fiotn present“djiy expeidenccs it is j^.pparent that the successful 
minei^a of all peiigdji were of neccHSity impelled to study both the 
behaviour of an ore-body and of its surrounding rocl^s as mining 
developed from outcrop workings in shallow trencher into under- 
gr<>und excavations. Mining thit^ugluuit the long period of iis 
recorded hisi.OTy has ever demanded a truly seiendfie. ai>proach, 
and so it developed a technique of a very high order, and accumii- 
laied a mass of observed faetjf^ some of which were recorded^ some 
handed down or ally from gimci-alien to generation. It is upon thif^ 
approach-wor k that organized geological w^mi; in mining has been 
graltfd:, as il: wcj c. 

Modern milling geology"' includes not only field work, both at 
ground surface and deep In mines, and laboratory work^ but tJie less 
spectacular but highly Important 'office'work of gathering together 
ruining records and mining platis from various sources and hr^rn wide 
iit cas; and the plotting ajid correlating of data, they prenfide. li Is by 
combining irivcf^tigallons of all kinds that a picture may be builL up 
that is 11OL only of value to an immediate district but is one applic¬ 
able to ntw areas. 

In present-day proapeciing geophysical mei:hodft arc widely 
used as adjuncts to those of more ordtodox geology. Checks by Lhese 
methods have on occasion proved of outstanding value, it has been 
^aid that in South Africa a highly intportant gold ore body wres 
located by gt^ophy^ical ]-n[:uinRj in ground that gtr^jloglcal deduction 
had indicated would most likely bo barren. iTiis may well be 
true ■ it emphasizes the fallibility of geological dfidiicdon. which can 
only be founded, on experienced interpretation of such evidence as in 
available. It also stresses the point that an occasional failure: by no 
means consdtute.s a case against it. Rather it reinforces tin: accepted 
scumtife pvoocduT'o of utilizing every po.R^ible method liie]y to 
yhdd evidence of value. 

Modeim methods of geochemistry are also applied to mlueial 
prospecting. One of these is to examine the ash from burnt plantsj or 
from thin soils for trace elements. This in some instances leads to 
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locaLing eia ore deposit that more ortbodos geological investigatTOii 
could not possibly have found, A very recent instance was a dis¬ 
covery of stibnite (antimony sulphide} a.v. C^maano Point, Alaskuj 
■ made on the basis of geochemical testing on sail samples iVom a layer 
of matted roots 3 to 5 fc. thick, thac farmed so complete aiul extensive 
a cover tbai obaervatians on rock surfaces were quil:e out. of the 
qtiesLion. Even so. no picture so obtained can do more than aot as a 
guide. There axe still factors wliLoJi influence richness and diarai':ter 
of metalliferous lodes that are but little understood or not under- 
ttood at all. 

TTic union of gooeficmiatry and tho more pbyjjical dde of miner¬ 
alogy forms the maliL prospecling equipment lor aw cardi for uranium 
ores and oiher radioactive minerals, to which end the more normal 
methods of geological prospecting are of litLle value. Indeed, so 
acem^ate are some of the geophysical instruments thaL^ in favourable 
circumstances, a geological junction between rock beds of diflcrent 
kinds may be accurately detected from a suitably equipped car 
■travellhig at moderate speed. 

Iron ores 

Iron In aim mineral forni or an other in pi'csout in inost of the 
earth^s crust. Even a ainall quaniity in a rock provides a definite 
coloration that sometimes gives an illuf^ian tlmt a high piroportioii 
of iron is present. It has been remarked previously (p. r^i) that the 
colour of many almost pure quartz sands varie.=i from deep chocolate 
brtjwn through red to pale yellow^ and tins colour is merely the 
result of a vcr>^ thin film of oxide of iron covering each individual 
grahi. The iron content in sands of this typ^ is of the order of 2 or 3 
pei- cent onlyn 

Iron ores are to be found in all three of the main groups of rocks 
—igneousj metamorphic and ?nedi mentaiy—and all three types are 
represented m the Britisli Islc3. From tbc cconotnic point, of view^ 
magmatic oreg^ only known to occur in Shetland, are small and 
tmimportantj thoagh during the last war some lyooo tons of nearly 
pure magnetice’tvas mined ihere. Geological invosti.gation ha^ shown 
Us at at least iS,ooo tons are presen I: in one ore body, ajid geopliy^ioal 
surve>^ have indicated the }iresence of oLlicr slmilat^ oro bodie^n 
TMs, liowevc]'^ ha^ yet to be proved by drilling. The groal iron ore 
deposits of Fet^amo in Finland are of magma uc origin. 

During the strv^eral centuries immedia Lely preceding Lhe beginning 
of the present one^ unbedded ores were the main sources of supply 
for Great ipritain. Geological work has shown that most of these 
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should be grouj^ed broatlly as mctamorphic ores of kinds that were 
introduced into c^.vities and fissures in pre-e^sisting strai;a. Some of 
these xvij'e bi'Ouglit into the fiasures by irnn-ricli magmatic solutiona. 
Others appear to have been carried by rainfall watei’s that per¬ 
colated from the ground surface through iron-containmg rock.s before 
tliey readied the fiaaureii in -vvliidi the ore now ocents- During its 
progress tlirongb these rocks die water is Uioaght to have taken up 
iroti comptrnnds in solution, to deposit them again aL depth. 

The bulk of these w(.rTe kidney ores or haematite^ so ca.l Jed because 
the shape and red l^rown colour of the m^is^-cs of ore are remhrLscent 
of kidneys. They occur notably in and fiouih of the Lake District, 
the norihern ]iart oiThe Pemiines^ in South Wales and in the Forest 
of Dean of Gloucestershire, Fig, XIT, i, sliow^ a haematitic mass 
contained in a solutiondiollow' of Carboniferout; Limestone in 
Cumberland. All these districts have seen several centuries of 
liacmutitc working; in West Durham it has dug since the 

{dtzventh oeutiiry. During the nmeteenth century many of the more 
obvious deposits were exhausted but geological and geophysical 
surveys combined have indicated a number of spots where other 
ore bodies are likely to occur at depth. Some of these have already 
been proved by exploratory drilling. In any events known reserves 
are very limited^ and the prejf.enL yield of haematite ore is less tlian 
5 per cent of the total hritish output of iron ore which m 1942 was 
some 20 inillioti lon^H The importance of l:hese haematitic ores lies 
m their high iron contend which is from 50 to 60 per cent. 

Well over 30 pei’ cent of iron ore now dug in Britain comes 
from sedimentary deposits, Livestigations into the origin of these 
bedded ores have shown that they probably origlnaLed for the 
moi^t part as chemical precipitates in sea w'aLcr of shallow" depth, but 
that algae a.nd bacteria abo may have played some part. In Britf^in 
these bedded ores are almost entirely confined to Jurassic 
forma Lions. Only one ore of Cretaceous age is no>v w’orked^ around 
Glsocby in Lmcolnslru’e, 

Geological surveying ha^^ tho^e^ughly delimited all the British 
iToii“Ore reserves. Their dbtributioii is ^showm in Fig. XII^ 2. So 
detailed b our knowledge ihaL no outstanding new" discoveries seem 
possible* This ;itaiidar[l of knowledge has been rendered the more 
easy of attain men L since all the areas of bedded ores are of simple 
geological structure; an important matter in the economics of getting 
the ore. All these ironstones arc low grade; they contain from 
10 to 35 per cent of iron only^ buL the simplicity of geological 
structure has ren.dt^red digging in large opencast pits an ccojioniic 
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projecL andj as is the wiih openca'^t coal the great development 
of excavating tnachincry now renders it a pflying proposition to 
remove upwards of do ft. of overburden to get. from 7 ft, to ft. of 
iro]:L ore* Some of the largoir openoa^t workings produce 10^000 tong 
a week; an inieTesting wmpirri^ion with the eavly nine teen l:h-century 
oiiLput of llie Wca.ldcn. fut'nacc at AVnburnbam. T'he ex Lent of the 
held.^ of beddi.^d ore lias been determined portly by geologioul 
mapping and pai'iJy by an extearlvo pi'ogiii.intnc of test drilling. 








' ^ ^ 



Fig. XIT, I.-— A maj5s of haematite lying in a aohnion hoHow in 
(larl:hnnit'erous Limestonej Hoanhcad mines. Clttmbcrland. H'he 
cleplii of the iiaetnahle froin top to boitoat is about ^[>0 ft. {4/^^f' 

The correlaiioTi of evidence li'Oin Lkeao main sources ha^ given 
I'eliabic data of reserves which are of die order of i3:.4Da rniilion Long^ 
wilii a possibillly of oxtension. 

The greal development of diese orefields began only in the 
middle of the last century—hicieed it tvas a direct result of geo- 
logi.cal inve.sdgations of tlie earlier part of that century—and 
already more than 800 million tons have been extracted. 

It ig comiTio]! t<> find that geological work cjirried out for one 
piirpfh^e often yield?- information of va.luc in another quite unrel^i.tcd 
d[rootian. Such has been the position in the mvegdgatiou of bedded 
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orf;s. One lA'xhc l^rgcat Briiish irojifieldg h in Lhe Nortliamptoushjrej 
li Litl andahire. aautliei'n Linco Inshire and e astern I.ei cc stCfrstin^e 
areas. tfie ore is overlain by some jft. of oolitic limestone. 
The combined limestone and formations constitute a mas-s of 

inelastic.' hard rocks that o vie rile the Idas clity. Jn coinnion wjth rno^t 
jimilar beds this mass is broken up into separ'ate blocks l:y a system 
of verlkal or nearly vertical joints. It has been found ihut where 
streams have cut throngli Uicm into the clay the separalie nia^^cs 
tend tt> travel down the vailcy iidc^^ to a sligiit degree^ The vertic^aT 
joints open oat ivito wide ^gulls' (cf gullios) and tlie whole of the 
hard rock betb tend lo form an umbrelia'Siiaped mass, as it wtre^ 
over each hill instead of lying in one plane, which is their undisLurbed 
jiatural po.^ition. The process by which thi;^ occurs is known as 
kambering'. The cnmbei^td nature of the beds iriapped in Fig. XII, 
3, is shown by the con Lours of l.he base of the Xordiampton Sand, 
ascertained by means of boreholes. This lias now been foujid to he 
a mosL wide^pTcad phenomenon^ a geological discovery thai has 
repercussions oti local ej^timabons of reserves of orCj on quarr^ung 
methocb, on civil enginceiirig foil ti dab on. ’Works, and in other 
dh'ecitions. 

Another feature dosely investigated during work on tlie Lronstonc 
fields IS diat of valley 'btdg^ngk Not only do the heavy masses of 
hard rock tend to camberj but their wdght appears to cause dis- 
ruption of clay or shale beds in valley bottom^ to dcptlus of roo ft. 
or more below the ground surfacej and no force Uiem upwards in a 
kind ofisostatic udjustTnetit^ as it’were. Fig. XII. 4^ show some bulged 
valle\=^ in South Lincolnshire and Rutland. Isolated examples of this 
’were recorded many years ago in civil engineering recot d^j but lack 
of co-ordination between the engineering and gcologiL:al professions 
pre\='ented thek coming forcibly to general nouce* A scientific 
explanatory acconnL only appeared in ic^^o. Bulging Ls also now 
knora to be common, and ecoTionjkahy to be equally important 
with camberingj particularly in regard to civil enginecringn 

NON-FERROUS ORES 

Alumtntitm 

Aluminium-bearing j’oeks^ although ccjiEiituting a great pro¬ 
portion of the ear til's cru^it. arc rarely 'oreji' at the present time. The 
metal is usuahy combined with silica (with or witliout other ele- 
rrteux^] for ’which it has an afHnity 50 strong tlmt ft i^ difficult to 
break. Thost; aluTninous rocks that arc devoid of silica however, are 
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Ctipablt^ of be:ing smelted econoniL[:aJly and tbc ore;? of today- 
But this class mny well be enlarged should otltcr processes be de¬ 
veloped of separating the metal from the oLber rock mineral. 

A fundamental geological diacovei^y leading to the rccognldoii 
of certain rocks as being possible aluminium orc& was the fact tliat 
under a tropical climate, and aho in monsoon landsj surface soiLs 
gradually lose their silica. Thi^ loss not only occurs at l:he present 
time; it also occurred in past geological ages. A geological prospector 
looking fo]' bauxite^ thereforCj seeks^ dlia. evidences in the strata 
of former climatic conditions that would Jiave favoured the forjuation 
and preservation of alummous soils tliat had been deBalicificd by 
weathering. 

Many sourt^es of aluminium ot c liavc.: now been discovcrcd^ and 
equally important^ maiiy tfuetp have bccia ehmirutted lis likely 
sources. Among ihe la tier is tlie greater pari of the British T^les^ over 
wMch bauxitic deposits aie definitely known to be absent^ f^vcepi for 
an area In Northern IreLaneb in County Antrim, liowovei-j highly 
aluminous clays associated with iron ore occur between old lava 
flow^. These have long l^een fcnovm^ and the first scientific account 
of them was made in 1Q12 by officiais of the formei^ Geological 
Survey of Ireland. During the 1939-4.5 the geological field 
relations oftlie Antrim ore were closely re-examined fby an officer 
of the Geological Survey oC Great Britain acting for flie Geological 
Survey of Northern Jicland) and a great Jimount of petrological 
and dicmical work in the lahoT'atory was carried out on many 
samplc^j including tlicir cxaminatioji by X-ray methods. As a. result 
of this there exists today a very full knowledge of the potentialities of 
Antrim as one of Lhe sources of bauxitic ore^, 

OtHEH. KON-rEXROUB ORES 

The economic value of geology licjs wid] a different emphasis on 
prospeedng and mining for ores of ooppcj'j lead, tin^ zinc^ gold, 
silver and numerous le.^s common metalthan it docs on prospecting 
and mining for iron and coal. In the lai.tor stratigraphy is one 
of tlie most important elements; in the former mmcralogy and 
petrology. 

The magmatic liquids and gases from which mo^t nomferrous 
orci were originally derived penetrated into such in arrata in 
their vicinity as they w^cre able to enter; to tlia.t extentj thcrelbre^ 
they travelled where they lifted- The lodes to which they gave rise 
are accordingly very irregular in shape and exUmt. They may 
sw^ell into large ore-bodic^^ or may thin lo zero, or show other 
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difference.s of form in ei most JiaphEtzard ffishion, Haplms^^.rdnc'^Sj 
however, la more apparent than real. Geological field work lias 
disclosed ihat fissureis are present Lo a greater extent in strata 
tlian in others and that joint-planes and faalt-planes often ibllow a 
definite and ascertainable plan in response to ioinc crustal move¬ 
ment or other. Beds of fissured type offered to the invading liquids or 
gases greater hospitality, as it were, than did o^hcr Ies5 accommo¬ 
dating strata in file same localitJe.s. In orc^bearing districts, there¬ 
fore, strongly fi&sured strata tend to contain more iodes than do 
non-fiasured or wcakly-fissuvcd beds. 

The rdation'ilup of ore bodies lo specific strata may be ilhis- 
trated by the occurrence of lead and zinc ores in parts oT Northum¬ 
berland, Norih Wales and Derbysliire. In each of these disLficts lodes 
are praclically confined to, and carry well m, the Carboniferous 
limestone and the immediately overlying bedS:. mostly sandstones or 
gritstones. All these are widely fissured: the limes Lone particularly 
so. Ill general veins are thin and poor whcJC ihey traverse shale^i 
above and bejosv tliese beds. 

This illustration, however, by no moans carries even a generaliza¬ 
tion that limestone;^ iirc the motit likidy vein-bearing rocks; it merely 
h;ippcrt 3 that geological survey w^orkhas determined them to be so in 
the above areas. Lodes ocair bolh in granile and slate, instanced by 
fiioae of zinc and copper in Cornwall, or in ancient la\TL^ and otlier 
volcanic rocks and in folded shales and mudstones, as happens in the 
Lake District. As regards direction, a record of 28a copper lodes in 
GornwaHj made in 184.3, showed that rry dipped north; and 90 
south; the rest lying in other directions. 

An important inodification of the pristine condition, of many 
lodes has been detected and cause discovered. In tlie copper mines 
of and Devon (counties that in the past have yielded vast 

amounts of copper and th^f. durijig the early part of the nineteenth 
century yielded more than half of the wOJ'Id's output of copper <nc^^) 
it was observed that where undcrgiound water had come into coti- 
tact wich some of the copper componrids qF the lodes (particularly 
cUorides and sulphaiies)^ these trad fifstly been dissolved by circu¬ 
lating water and then redeposited at a lower level. Thus was a 
natural process of a secondary enrichment carried ouL. Xatm-al 
secondary enrichment is now knowm to be a widespread featui'e in 
copper^bearing iodes the world over. 

Non-ferrous orcs^ though they may have originated in lodes, ar^e 
not necessarily confined to them. Much mineralized rock has been 
eroded in the normal processes of denudadon of the earth's crust. 




ORES'—PROj?.PJ!iCTlNG- ANtJ SC){) 

Where malerLal has been t;ransporLed by' rmining waier^ pcu:ticQ- 
Inrly a river, a natural sorting action haa taken place to give rise to 
alluvial deposits. Although some of Lhese are extrcinely 

importantj they are but a small part of the world's sources of non- 
ferrous ore.SH 
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Mineral Oil and Kaiural Gas 


I T cAiuiot be cla-imet.] tha(. oil a geological discovery^ although 
the '^vorld of today owe=i a heavy debt to geological science in 
respect of in? supply of mineral oil and natural gas. References 
to natural oil springs and seepages occur in literatuj’e long pre- 
datijig the Christian era, ai^d later historical j-efercnccs are world- 
■widc. 

Waterj parttCnJai'ly saline wal.c:r, anti oil oftcvi occur togctlicrj 
and the lirst wells tltat are known to have produced oil w'ero pul: 
down in China some 2,000 years ago, as brine wellsn Indeed^ a 
characteristic of some oilfields is the presence of great masses of salt 
that possess a remarkable quality of internal movement beneath 
covering strata. Mas;^es of salt there form great cones and force the 
cov-eting bed into doiuc^. Some of thc^c produce sstiTictuies that in 
□il-bearing strata ai'C favourable to the retention of oil or gas. Each 
dome may l^e i.w’o or three miles in diameter at the top and may 
extend downwards to unknown depths. Several hax=ift been drilled to 
thousands of feet hi unsuccessful attempts to find their A salt 
dome i^ illu'iTrated in Fig. XTII, i. In Burma several hundred 
hand-dug wells were yielding oil in the eighteenth cencury. In 
America during the initial years of the nineteenth century^ oil ix>se 
with watei’ from wells of a thousand feet or more in depth. These^ 
like the Oliinese prototypes^ had been diillod for brinc^ but by 
itgao they had yielded many barrels of oih The first known well 
actually drilled by Tnachine for oil was in America in 1G59. The 
basis of the fct drilling developments to produce oil^ therefor 
was pureJy an fi?;.tirapolation from known surface sources or from 
accidental discoveries. 

The extremely rapid inerca^^c in demand that followed the 
invention of die internal combusticu engine, a demand accom- 
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pfixiicd by a comparable increase in tlie use of petroleum products In 
industry generally^ lias progressively led to the vast requirements .of 
totlay. This increase necessitated au immediate consideration of 
quesLions of new supplies. It soon became ^apparent that a Scientific 
approach to the problem was nccessai-yH Prininry considerations 



Figd XIIIj 7.'—Salt domes arc characCeri&dc of various oilfields. 
They arc often of great extent. tm 

werCi and .sLill are^ directed along two rDa.iu interdependent lincs^ 
biochemical and geological; the first hemg eoncerned with the :nadc 
of origin of oil, the second mth the nature and structure of strain 
thaL contain it, and of tbeir contiguoua straLa. 

In tlie early day.^ exploratory holes were drilled for oil widioiit 
geological or other substaniial evidence, and were known as "wild- 
eats'. Wildcatting in this sense proved quite inadequate for the jobj 
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and fias been ^:U^icaxded. Explor^itory holes now ruDiber thousands 
every yeaUj and. few are made widiout geological or geophysical 
bacldng. But the name Svildcat’ still sujrvives in oilfield tcmmology^ 
to indicate any exploratory hole put down lo discover a new oil 



'J'he outojn of oil. 

Liformaiion on the origin of oil baa an Important bearing on the 
aeaixli for new obHdda. Por many yeara the problem of origin 
has occupied the atteiuion of oil geologistr, both in the field and 
in the laboratory. T'he aubjectj however, ?still at iJac stage 
of theory although during the Ifist docadc ideas have lendetl to 
crystallize. 

Some hypotheses of the later part of the nineteenth century 
held that oil k of inorganic origin. Several of them a^mmed that, 
by gome process or anoLher, aceCydeiie^ aubsequeutly converted 
into petrolouin, had been formed in the crii.^tal rocks, one view being 
that this gas was produced freiTn ccrtiiin. ud specified deep-seated 
roeka ar high temperature. Another theory was tliat petroleum is an 
original produet formed during l.hc period of consolidaLion of the 
eartlin Tlicsc views were bm speculaiionaj and are reminiscent of 
some other unfounded guesscE of pre-geological days. 

The gradual accumulation of facts concerning oil generally has 
led to the abandonment of these guesses in favour of other more 
soundly based hypotheses that ascribe an organic origin to petroleum. 
All organic material^ whedicr plant ov animab h potentially able to 
supply the [^lemcniii required to produce the hydrocarbon k constitute 
iug the natm al bituminouii compoi.inds—asphalt^ pei:rolcum^ natural 
gas and the otEterj?. 

Some inveslfgaiors concluded that decaying plants^ chiefly sea¬ 
weed and swamp forest vegetation^ supplied the hydrocarbons. Others 
have been led to regard animals iJS the main contributors. The 
syggcKtiojr^ was made diat lishos of the past have been tljc main 
sourcen But it ^eema unlikely dial; Rah-rcmains that beenme buried 
in silts and muda were ever sufficiently abundant i.o pi odnco the va^t 
sup]:lies of oil novr known to be present. There are no means of 
making a quantitative estimate of that tliroughout geological 
dme have been buried in the sea bed to decompose under anaerobic 
conditiouji (and othei'wisc the products of decomposition would be 
largely water and carbon dioxidebut on general grounds it would 
seem to be relatively small. In tlio ccoDOmy of tlie sea, small live 
fishes tend to become food for larger fighes, and dead fishes food for 
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bottom feeders of all types. Cons^^quen.tty body tnatr^riaU from dead 
fishes and from larger marine animals generally tend to remain in 
circulation: as it were. 

The; sea^ of aR recognized geological pei^iods ha.ve beoti in habited 
by myriads of minute forms of life. T)ie vast bulk that l:hese animab 
onlae assume in the aggregate in the seas of today is an indication of 
the bulk that they have doubtless assumed in seas throughout 
geological time. Presumably tfiis bulk has been suflScient bodi to 
provide food for largei- animalsj and to contribute enough remains 
to have provided the raw material for the formation of rhe great 
volumes of oil that exist. AnimalculaCi on accou]it of their minute 
size, are easily trapped and buried in the sand snid mud of the sea 
bedj there to undergo anaerobic decomposition. While anhnal- 
cuJac tliought to have inside tlie major contribution to oil 
formation: h ca.rmot be precluded that other animal and plant 
ToiUf^jn^ hjivc done so Irt somo mcfu^urc, A replacement of the 
materials so lost to circulaiiou In the sea occurs priinarily through 
the phoLOSynthetic activity of marine plaiiLs of all kinds. 

Petroleum geoiogisi$ Loday arc satisfied that source toeks of oll^ 
LhaL is, rocks in which it originaieSj are all shallow-water marine 
sedimentsj and that hesh^^tei’ sti'ata seldom or never give rise to 
oil ill commercial cjuantities. Accordingly oil geologisLs in the field 
search particularly for sedimentary strata tliat indicate for them- 
selves a sliallow-water marine origin. 

AocoMTrr.ATTON OF oir. 

From the above assumptioib each decaying aaimalcuhj. indi¬ 
vidually coiiLribiiUcS a minute; quantity of oik These smaU drcips 
must therclbrc gradually coalesce^ and become bulked together in 
natural undergroimd reserv^ohsj akin to those that hold uudei^ground 
water in quantity (p. riS). Exi^eriinencai work to ascertain the way 
in which coalescence comes about^ as in so many other i^roblenis of 
todayj involves a combination of geology, chemistry and physics. 
The presence or absence of w^ater in die rook, tbe vcTadvc surface 
tenSiLons of w^i-ter and oil, the nature of foe Source rocks, the possible 
effect on diein of eai-di pre?^suros and heaf are all relevant fartOis. 
Ihe specific gravity of oil is Icsa than that oi'watery and Its surface 
tension only about half (^pen-textured sediments allow of freer 
injovt:ment dian do close-textured. Compression of strata by earth 
xnjovementSp or even by weight of a gradually increasing thickness of 
superincumbent beds, tends to force oil out of the finer-griuned 
rocks. Heat may cause oil to become volatilized and so to force 
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Wii-Y auiiTrom cla>^ and shalft^ into more porous strata. Oil uldinafoly 
accamulaies in open-te^tnred Rand3i;o:tieSj fissured limestones and 
other strata which are marked by adequate voids. 

Nai-UIL-^L oil REt:LRY01RS 

The immedijitc imponance oC geology m oil explorations is the 
location of geological isti’uei:urc;^ in strata that might be associated 
witli oil. and tliSit are capable oflbrming natural reservoirs. Early in 
geological work of this; kind the simploat oil ti’ap was seen to be a 
domc-likc anticlina.l ar range men i of strata in whieli highly porous 
beds were ovcrlairv by an impervious layer, usually of clay or shale. 
Ii: haf> been Ibnnd that whei-o these dome-like structures ciccur^ oil 
tl^iat may be prenent gradually migrates to the top of the domed 
porous beds, and is held there partly by water below fwhich is 
normally under hydrostatic pressure itself) and ]tartly by the 
retaining imi^ervdous bed above. Consequently when the top of a 
dome is penetrated by a borehole, oil may be forced up by the 
aitesian head exerred by water below. Ti’apped oil is often a.ceom- 
panied by gas ujider compression. On releai^c of pT'Csaiirc by the 
borthoU: this expands^ and aliMii assif^L^ ijs forciug ful ix> the siudace. 
Diagrams [jf two simple oil-Lrap fttnicLures are sliown in lig. XI11^ 

bat ill naLure ilicre are many ocher lyi^es. All traps have the 
common factor that they must, inossess a retentive roof to impt isou 
the oiJj and they are usually refeiTcd to 'clo^orcsb 

Tn those oilhdds wd'n:rc salt domes arc pr(.::ieTit v.lio sail posf^esses 
a jcmartablc quality of internal jn^.wement bcnoaih covering 
^jtrata. The great masses of ^ah possess (he faculty of forcing fhe 
eoveimg beds upwards (Jig- XIIL ij. Some of these produce 
.■i cruet Lires Lhal in oil-bearing sn^ala are favourable Lo the relentioii 
of oil or gas. In some oilfields salt domes are very numerous’ each 
dome may be of two or three miles in diameter at the top and 
may extend downwards to unknown depths. Several have been 
drilled thotisands of feet in unsuccessful attempts to (Ind their 
base. 


Tite deteottox of olosurx.s 

The above principles wci'C established in the latter part of the 
last ceniujy. That period, and tbe beginning of the present ceuhtryj 
then saw ilie dispersal of large numbers; of geologist's Over the most 
likely (which often included ^omc of the wildc-^t) parts of tlL.e earth's 
surface. Their w^k was to discover by cxaniinatio]i of die suT-face 
rocks sites where geological jUucttires likely to produce oil tvapji 
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’vs^Ould be pj'cficnt at depch' in other words^ to find oilfields. Deep 
boreholes were piJt down on ilieir advice bait liiey had little to do 
witla developnicnt. 

The work of on oilfield geologiai; lias changed greatly from its 



Fig- XII 1 ; y.— Simple oil trap3 in folded Sira La. Gas and 
oil resting on waier^ oceur in porous strata, and are irapped 
hy overlying Impermeable, girata. fjren.) 


purely espioratory iiature of forly years ago. Probably more geolo¬ 
gists arc now engaged on the problems that arise m the producUve 
oilfields than on purely exploratory wo^]^, TTie gcologistis now called 
on to cadmaie the amount of oil reoovotablo froni the oil-bearing 
beds. He deLennines the loCiition of new wells, their sj^acing in tlae 
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Qilfi[:ldj theii^ deptSi mcl the iipp]ropr:aLe rates of prod action \xoTn. 
each well. Hh duties further include the preparation of drilling 
programmes in order to mainUtiTi production of an oilfield to meet 
requirements. Close a.ss^ociatioii %vilh developmental work has led to 
some degree of spedalizalJ on and there are sub-surface geologistsj 
developTncnt geolog is [s^ pouoleum technologists and others. But all 
arc csserstia^ly geologists. 

Miorofossils A^"D borehole records 

In the oil industry in particular, tl'io economic importance of a 
detailed record ofistraiLa as proved in a borehole ts fally recognized^ 
whether the hole is succei^^ful oruot- On gcnei^al geological principled 
it would be e?cpected tliat from the In forma don yielded by a laxgo 
number of boreholes a body of fopifdl evidence wonld be built up ibat 
would load to the establishment of a number of recognizable fossil 
horizons and tliat this evidence, combined widi descriptions of the 
rocksj assembled in graphic section form, would ilirow light on 
geological structure. Such has been the case. In jr^any productive 
Tocks^ ho’wever, large fossils arc rare and in any cvCiit the numba’ of 
large fos^iils to be found m bf^rch[■^lc cores ohrn, would not provide 
sufficient materjiil for the purpose. Fariher^ excepi: in special 
cir cams Lances j most oil boreholes are made by a rotary grinding 
method p. 107)^ core boring being very co.^tly. Material taken 
from them is bmught up in the ihrm of sn^all chips ot- even sts mud. 
Thusj no Jarge fossils normally become availahJc. 

Many of the microscopic animakulae dial at^e thought to have 
ccniributed to Lhc supply of oil possessed hard though very delicai.e 
shells which have been preserved as fossils. In many strata these 
oecur in vast numbers and are of numerous genera and species. 
Equally ^-vith larger fos^^ils they may provide fossil indc^rcs by wliicli 
llie strata can be recognized kom locality 1:o locality. The shells of 
these micro-organisms are so small Lhatj ihuugh fragflcj many 
survh^, wdilioui: damage by rock-cutting or grilling by the drill, 
even in small chips of rock. Micropalaeontolog}=' ts an imporLani aid 
in correlating the strata recorded in an exploratory well witli beds 
that route to the liurface some distance away, in relating one out¬ 
crop of TOrks with another, :ind in correlating bed^ of one oilfield 
wiLh ihose of another. Today its nsc is being extended into othei’ 
branches of pure and applied geology- The inseiopakieontologist's 
technique necesshaie: the constant use of a micioscope and the 
development of processes for extracilon of Lhc nio^t delicate and 
xofoute fossils from their matrices. 
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Geological mappttcg and (ye.oT'ijr^x.cA'L exploration 

If the hypothesis be acccpti-d ihat oil is derived hom decaying 
organic niatLei'^ and ihaL il can migrate from one act of strata to 
gather in another^ tliere would seem to be no reason why oil should 
not occurj other circumstances being favoui’able^ in any sedimentJiT.y 
stratumj whatever its age. Such is the case. Oil is now known, to 
occur in quantity in beds of all periods from Silurian to Tertiary^ and 
some h known in Cambrian and Ordovici^^.n. strata. The tracts of Ltie 
carUf.s ^-urfsce to bo covered in die stajdi [be oil ;u'e very large. As 
part of the process oftligeoveryj a programme of geological mapping 
ifi undertaken, but tills takes a long lime. In oilfield v\-ork it fails into 
three phases. PirsL^ in an unexplored region, reconnaissance work on 
small-scale maps of several miles to an inch (or oLher equivalent) is 
carried out over a large tract of country, Tliis is to get general 
mforjuation on the succession of strata, and on the general geological 
structure:, and to discover potential reservoir structures in rocks tlm.t 
arc at h.^ast not of unsuitable typos. Sonne of tho^f-c structures arc tliCn 
mapped on a large sc^iTc 'fof six inched or eight inches to a mile) to 
dcLeiTiiiJic a position for a test well^ TIiciij If au ollhcid ia founds 
re-mapping in (extreme detail, on a scale of as great as itveuLy-four 
inches Lo the mile, done. 

fiuL in the natural build-up of the crustal strata with their present 
arrangement, structures that are capable of acting as oil reservoirs 
may be completely concealed beneath a covering of alluvium or by 
newer^ non-oihbearing. strata. As is the case with completely 
concealed cenlficldsj surface geologiejd mapping is then of no avail. 

oilfield tetdinology has stimulated, th.c growth of' rnioi'O- 
palacontology, fio ha;^ it encouraged the devclopnient of geophysical 
exploration. Today tCHamg of geophysicigts and their apparatus are 
often transported by hoHcopliOr lo oLherwlse almost uiaccessible 
tracts of the globe. Plate IXe shows an explosion from a lon-fr. 
borehole^ detonated for sehmiic work in one of these tracts. The 
transporting helicopter is standing near. Geoph’v=^ical work of the 
kinds referred to in Chapter VI has been widely used in conjunction 
with geology. Data given by geophysical obser^^arionSp surface 
geological evidence:, TnieropaJaeojuology and correlation of borehole 
records are ci:imbincd in. an endeavour to determine likel.y geological 
structure^j and diey govern the siting today of wildcat welb* Many 
of these are 15^000 ft. deep^ some very mudt deeper* 

In a i^roducing oilfield^ the correlation ofsiTata from well lo well 
is todyy largely based not on actual samples nf rock, but on geo- 
pliysical observations. 
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Electricjvl re^i^tivjty and other kindred properties of the various 
5crata penetrated—bod:^ oflimeatone. shale^ sandj etc,—are measured 
and recorded tliroughoui the lengtlt of each borehole. l"hus 
here again physics joins with geology, to give data on the 
porosity and peimeability of the reservoir rocks and on the nature 
and proper lies of ihe fluids—oil^ water, gns -- that they contain. 

SuOGESiil-UL AND UNS\JCGESSI-I:T.- EXPLORATION 

There is no question of the value td geological and geoph'\=^Lcal 
work in oil exploration. Even so, both bf^inches have a long way to 
go before it can be dairned tliat they y.fc entirely satisfactory guides 
to new 01^ reservesh Every yi:sr die American Association of Petro- 
Jeuin Gcologjsts pu-hlisliL;s an anal yF^ is ol Lbe rosu^ts ofihF^ cxph.jratory 
dnllijig^ Prictieally all drilling are detcrmiiied on geologitial or 
geophysical evidcncC; or on boi:h. Yet in wildcaL drilling {in tlie 
present-day seiisdi had the Ii>llowing results: 0-4 per coiu dif^eoverod 
oilfields likely 1.0 be wori.h 10 million barrels or more^ or .good gy.S“ 
fields; ri pei’ ceiiL found small oilfields or .gasfields; is'j per cent 
locaced oil or gas^ but not in quantities likely to be remuiieraLlvc; 
and 86 per cent found nothing. Figures thr the two earlier years 
Jthow that \ jiicr cent found lar^e oil or gasnelds^ ^^^6 ]3er cent small 
encs, 10'4 per cent unremunerative onc^, and SS per cent found 
nothing. 

Esiimatod figiu'CS of succu-s-^ of wildcat drilling m Ganada are: 
2 per cent Ibund remoru^ativc oil; q pec cent remunerative gas. 
per cent found oil or gas in i.inrcfTiuncradvC Or barely remunerative 
amounts and 83 per cent found iiotliing. The ratio of success to 
fiulnre in Burma. India. Pakistan anii Great licLtain is of’atout the 
same order. It is. howeverj much higher in part5 of the Middle 
Easl:, which, in relation to oil, have been sj^ecially ravouretl by 
jialuic^ 

'ilius at die pre^ient tiiric in. most ports of tlic work! and including 
Great Briiain, the chancre of getti^ig a profitable return from an 
exploratory well (not to be confu.=!!cd widi a. production well in a 
kiLown oilfield) is about r in i?o. Retention of the term Vildcat^ 
seems fidly justified! 

Failiircfi of exploratory wxlb arise from numerous causes. Some 
of these are explicable after dr-] Ding; the structures of the concealed 
strata at depths from^vhicli oil had been expected^ proved to be more 
complex than had been anticipated, or beds have proved to be non- 
porous^ where porous beds had been looked for. But more ffequently 
t!ic almost infinite variation of geological pattern from place to place 
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givea 110 real clue as to reason of failure: througla some unknown 
cpiHOdc .iTi tbe geological history of an m'ea, oil had been i^rcveiiLed 
from ou[.ori-ng ijato, or from remaining in., au apparently favourable 
stnicuire; strata that on a™ilable geological evidence ought to liave 
been soui’ce rocks were not source rocks^ as a result of soinc 
undetected adverse ge<.dogieal factor; and so on. 

Natural gas 

"Whatever the origin of oil may be, it is the sy.me for natural gas. 
WTicre oil Is^ tliere abo is gas in greater or lesser degree. But it does 
not follow that gas is accomj^anied by oi 3 . Except ior the fact that if 
given the opportfiTiity gas escapes from a. tiup more caF^ily than oh 
owing to il:s powers ofdiffusion, it may be considered as bat a variant 
of oil. The same conditions of Jtatural storage ap]:^ly. A ^closm^;' willi 
a gas-tighi cover must he available. 

Gas reserves in some of (he laiger oilfields are enormous. An 
esiimatc of the reserves of the United btates of America alone is 
some 200 million million cubic Ikct. TJie Byrcn^rcsi area holds a 
supply sufEcient ro last a large area of south-western Franco lor 
at least another forty years or so. 

Oil snalj.^ 

There arc many ckj?;e-tc 5 ctorcfl ahjdes that yield oil and other 
substance.'^ ^^.Ithongli tJicy do not hold diem in a ficc .^tatc. kSoxho nf 
these compy.tited muds and clays appear to contain a high propfii tion 
of organic male rial wdiich has not gone through the whole proccf^s of 
ti’ansformation into oil bnt does so on aj^propriate treatment^ usnaliy 
by heat. Some shales may be evidence of former oil-bearing condb 
tions' the oil they contain may be vestiges of the large reservoirs of 
the i^ast. from which oil has been lost through erosion oC the ehxsurc- 

Oil shales have been worked extcn^^ivcly in Scotland since about 
1847 and they have furnished a basis for die geological si:udy of 
similar deposits throughout the world- Geological prospecting has 
located many oil shales in various countries, the esiimated potential 
yield from which is immense^ 

Oil and natural Gas in Grrai’ Britaik 

I’he results of geological research of tb.e past century in Croat 
Britain show both favoiuable and unfavourable features as regards 
the potentialities of oil and natural gas reserves. 'I'he following points 
are favourable; maTiy of the strata were laid down in seas that were 
populated by prolific y.TiInaal life, and therefore (assuming the 
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modevn h^Tiotlic^t^ft rcigaxds die origin of oil to be coj-rr^iL) there 
h;iH^ been nimple: jsonree material ; some ihick formationg are sand- 
stone.^j others limcELones^ l^oti of which may act as reservoir rocks j 
■fi oin time to time these strata have been folded by earth moveniej^tj 
so tiiat the prcf^euce of a numliier of closures is a strong bkelihood. 

Among the unfavourable poiats is the eomplex structure to 
which the chequered geological history of this comitry has given rise. 
Many folds gi\TJig closuT e£i that wexe produced 'by ore series of eartli 
mo^neuienU have been eroded: l:heir closures br^dten by subse¬ 

quent period^^ of erosion and of nnovCtiieuiHS. Some of these folds 
doubdess held oil a^. but it e^^oaped geological ages j^gc. 

Thet'o i^ also no doubt that nctuaJ closures still oxisi.j though as is 
common ebewherCj few con min oil. Two oil-bearing clo?^urr3, bow- 
eveTj at Eakrin^ and Phmgar in iSotLinghamshirOt have provided 
oilfields. During the 1939-45 war^ sufficient oil was obtained from it 
to represen L what wa^ broadly the equivalent of die quantity carried 
by one tanker in continuous oj^eration. The present annual output 
(1955) of oil produced in Britain is about ly million gallons. Though 
valuable^ tins is lunall indeed when compared ^vith an annual British 
consiiiiiptiou of ?sorne 9:O0O million gallons. 

Most clo.surc^^ Lhat ^irc likely to occur ht this country^ Jiowever, are 
^mall when compared wUh tiiose of some of the continental ureas of 
the world. The occui^rence of large oil reservoirs here is not to be 
expected. 

As regards natural gas. many yeai^s ago a gas pocket was struck 
.'ifxddcntaby in a drilling for water at Heal:hficld i^ailway staliou. 

Tills supply^ of very STnall dimensions, still persists. For some 
years it was used to liglit tlie iitation. A number of other boreholes 
were sunk in llie vicinity: but struck no gas. 

Rather more favorirabio conditions are perhaps to be expected 
in parts of Scotland. 

A)), \dews that are expressed on sudi geological observations as 
are possible on deep-seated structures are^ and can only bc^ interpj’c- 
tation; they arc not proved facts. Otherwise the ^vorld-widc chances 
of fin ding oil or gas in experi mental boreholes would be muclt greaier 
rhan the. existing r in eo. Even if some gas accumulations do exist in 
comijiOfcial quantities in Britain^ ihe chanced of finding them by 
drilliiig are Small. On this account it is unfinturj:itO that exploratory 
driiling forga^is liixblc to be Tuisinterpretedj and it regrettable ibat 
an impression that ihc prospects of finding useful accumuiadons arc 
much better Lhaji tJicy i-cally ^re^ tends ro be fostered by various 
]>urveyoTS of news items Lo ihc: giuicriil public. 




CHAPTER XIV 


Geolog)> and AgricuUure 


W HILE soil as understood by tlie dvii enghiocr i|^p. 158) is any 
nni.:On^ioli-cla.t(;d T'Ool^'Tn<i.tcT'iiil niiiy a-t sivjy dcpLti 

bcnc-'-Ath tht: ground vise ^^oil cT agiiciill.iirc is Eipr(=:af3 over the 

^L'Oiind aarface as a diiii manile. At die mo£;i: Lhis is but a few feet 
thick. 11: 15 a mklLire of unconsolidaLed mineral particles of various 
kinds derived from weaihered rocks^ decaying organic material 
(humus)j air and water. It is populated by myriads of iusectit and 
tlie like and by immense nurabei’s of bji-ctcria^ aiul it j^uppotis 
vegetation. 

D^n'iirg the Wt half eentoi'y the study of soik^ has developed its 
own ^eiencCj oftCTi relhrrod to o.s Finlology. This has trended towai^ds 
dichotomy^ one branch geological^ the other biological and 
chemical; but boili branches have concerned themselves v-vdth the 
physics of water-movement through soils. 

This dichotomy is perhaps a natural development. Whibt maviy 
factors of soil growth, are obviously of direct geological c/juoerjij the 
teeming microscopic life of soii is biologioah Further^ dm objeclive 
of the farmer and horticulturist tt") grow plaiiLs^ and their primary 
iiiterefit kn tlie ^ioil lies in iiA abiliLy to produce Lhe plants they 
require. Consequently a lirsL place in their outlook is occupied by 
the relationship of soil to plant nutrition^ with it^ empliasls on 
manures of variouf^ kinds^ on climatic conditions^ and other non- 
geological matters. 

The impor Lance of the biological and of the air-watcr fractioit^ of 
soil IS brought out on comparing present-day &oib with certain soils 
that have been preserved From pa?.t geological ages. But ancienL soils 
are not common; w'iiith is to be cjfpoctcd on the general principle 
that all 3and continMally suFlers from erosion. Very rarely in certain 
geological formations, however, former soils have been preserved 
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through sudden invasions of the ^cra over iow^-I^dng laud of tho period. 
A particu)?ixly good example occurs in the Isle of Portlandj whiTe a 
bed that once a soil been preserved in die Par beck beds 
together Wilh many fore^-t trees that gre^v on it, and are now 
fo.^ihL^ed. The material of lhi& bed. tnowm as tlic Dirt Bed. is now- 
close Iy compacted arr.d it i?: sterile. It contain.^ tlio mineral particles 
of the original jsoil liS it cjcLsied during Pin’bcoh but.it is cievold. 
of humus ntnd of microacopic life. It is no longer *i. soil in the accepted 
sense of tlie word. 

AND sores 

The minci'^d content of soils h TuoKlihod by chcnaical reactions 
that occur bcLween some of its constHitcnt^ and by removal of others 
Jn ?i(jludon by percolating water?4, Botli these processes arc largely 
influonced by climate. Some soil ficicniists concluded that hi soil 
ibrmaLion climatic factors have a tlomlnalmg influenci-: over all 
Others. The viet\- has been held i.hat the ^hi main world dim ales ■ ■■ 
tropical, hot, warm tempcmtc, temperale, cool cempcralc and 
cold, combined with varintiovi^i hom humid to arid, have bc:tw-ocn 
them produced number of w^orid soil-i^^es. As a corollary, it liajs 
followed dial under exiiemc climatic conditions of both heal, and 
cohl the nature of the rooks ilia I: provide the soil minerals may be a 
quite i^ocondary f 3.0 tor. Bui: in many parts of ihe world, parti.cularly 
in the productive LemperaLe zones^ it has also long been appai^eni 
diac geoJogical factors as well as climatic are of fcst iinporcance, 
especially in area.s of vai'ied agricultme such as Great. Britain. Soil 
science being a relatively new study, its conclusionas with all new 
developing sci.ences, undergo constant clrangc. In soil .science today 
there is a sU’ong tendency for geological factors to be rated pro¬ 
gressively mace and more highly. St^mc of the points on wliioh 
geology has contributed to it arc indic.atcd irt the following para¬ 
graphs. 

Soils Arm PAitEirr rocks 

Rocks of geological formations, itvhtrtlnir 'soltd^ or ^drift^ that give 
rise to the mineral particles of aolb^ are referred to as *par3int' rocks. 
"Were there no transport of weathered mai.erial, the coniposidon of 
the siirfat^c soil would obviously reflect very closely that of ilie parent 
material; that h, of the geological formation on which tlip soil rests. 
Many that hitherto have been unmoved or but little moved 
from their ^omoe (Torigin actually do so. At the other extreme, a soil 
material that may have beeii blown long distances by wind may 
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bear vo rolation^liip wKiiover to tlie rock bed on -whicli It re;&t!^s 
THcrc every gradation between these two eKtremea. 

The grain rIzob of the mineral particles of soil^ varying from clay- 
grades througli silts to sandj are pai-tly' those of the constituents of the 
disrupied parent rL>aterial^ and parily the direct re.^ult of weathering 
processes that break down some of these constituents. The relative 
amounts of water and air in soil^ which perhaps rank equEilly in 
importance with mineral eomposiuonj both depend largely on Uie 
porosLly- of the underlying rook and the depth from ground surface to 
the water-table. Upon these geologloal factoi’s rest the fundamentally 
inipOT'tant irmtter.s of drainage and aeratior of j&oiU. 

DRAr.VAGE 

A];>art from its place in iuodern research on soiis^ geology perhaps 
makes closest contact with agriculture in the matter of land drain¬ 
age. Among the relevant matters ooTiCernivig drainage comes the 
ns.tuj’e of the soil and of die underlying rock^ the geological sstructuie 
of the locyhty, and the topography of the ai'ea. Many soils that rest 
on pcrmcaiile .=:trata and lie above the water-table are naturally 
welbdratnedj ujtd the agriculturalist needs no assistance in determin¬ 
ing tlicir -whereabouts. It is areas of impeded drainage that require 
stutly. Except ii\ valley bottoms, poor drainage i^ often connected 
widi Lhe sirata diatlie below die soil. 

Many drainage problems affect very small areas; often they are 
pertinent to single fields, in which sjiirmgs and seepage lines are 
common sources of trouble. These cannot be dealt with adequately 
unless the direction underground of flow of water towards them is 
dttcrmhiedj and this i]:L turn depends on the nature of the be [is 
concerned, and tiiclr loca.l arrangement. Problems yl' ihis kind are 
conimou In sand and sandstone nreasj juarikularly whei^e the sirata 
include intei'oalaled beds of clay. Even clay beds but a few inches 
thick are sufficient to cause trouble. A thick sand bed overlying a 
thick clay produces Its owm drainage problems^ as do numcrous other 
geological factors. 

The southern face of Leith Hill in Surrey {die highesi; poiyit in 
south-eastern England) is composed ffi &and>s and sandstones in the 
upper part and clny in the lowein Ji-ainfall thal; falls on the sands 
percolntcs dowmwards. to be tlirowii out at a seepage line at Or a 
liLtk above dir sand-clay junction. This seepage is traceable for 
long disLances. But the arrangement of strata is ocindneive to land¬ 
slips, and much of the slope of Leith Hill is mantled by a slipped 
mass of sand and sandstone, extending wdl below the level of the 
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jj^iid-clay junction. Water that is thrown oul al: that level creepB 
over the concealed clay surface. It broaka out tlu'oiigh ibe slipped 
masses at any spot it is able to, and il. accelerates slipping and ^oil- 
creep p. 230). 

Drainage, to be cffecuve in conditions of this kind, necd^j Lo he 
tackled at the real sources of the springs or seepages. 

Springs^ liow'cvcCj are special though relatively common cases. 
Tiic chief fuiiclion of land drainage is to de-water soils that tend to 
re lain much water over long periods to the cletrijncnt of plant 
gi’owdh and so to induce and increase aerytion. Various drainage 
methods ate employed. The efficacy of one nietbod over another 
usually depends on the nattire of fhe material ttiat lic^ at a dej^th of 
two or three feet below^ suiPaco. 

Mot.U AND X[LE DRAINAGE 

A common form is juoie drainage. A hnole^ fs surd cyliiider 
about 2 ft. long: and some 4 in. in dLamctcr. and wiiii a pointed end. 
Today this is dragged, through the gi ound ai a dcptli of about 2 
to 3 ft. by steam engine or, more commonly nowj by tractor. It 
thei’eby produces a pipe-Iikc channel, the walls of wdiich arc but tlie 
country material that has been compacted by the mole. Mole 
drainage also disrupt'! the couple of feet or so of soil above the 
channel level and increases the permeability. 

This type of drainage is most effecliye in homogeneous clayey 
soils, in which it wdll remain operative for many years. It depends 
for its success on an uninterrupted compaction of the walls. A 
large Stone in the path of the mole breaks the continuity of the 
compacted c]ay. As it is pualied out of the w"ay it disrupts the 
chamn^l side, whicli then collapses; the charuael becomes blocked:, 
and drainage ineffective. Mole drainage, therefore, tends to be 
imsadsfactory in many bouldcv days which contam mimcrous 
stones, and in strata tliat ai'c mainly clay, but in -which thin beds of 
hmcEtone or sandstone occur. 

Seme parts of the outcroj^s of the Weald Glay^ the Kimmcridge 
GlaVj the Oxford Clay and the Lias are enb.rely suitable for mole 
drainagej but other pantH, wdl delimi.ted by geological investiga¬ 
tions, arc not satisfactory on account of thin beds of stone or of silt. 

Sandy soik obviously, do not requu-c dvaining, but silts do. 
These again, lio^vcveTj are normally un.suitcd to tuolc draina-gCn 
Defic]cnc}"of elay in their coinposiLion lead?^ l:o an absence of binding 
capacity^ and mole channels quickly collapse. Where mole drainage 
has been carried oui in land composed of alternations of clay and 






Plate IX 



A. Atrial view of King George V Dock aL Sfnilhampton diiriD^ 

construction 



B. Geophysical work on Mai's!! Island^ off Iberia. Mud and 
water arc erupted from a boreliole as a shot for scisTnio work is 
detonated. Transport is by helicopter 






A fissure prodiiCftd by subsulenci; of die ground surface 
following cojil miiung 
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Hiltp often the last sLak lias been worse ihan the hrsi, TliO:^e sections 
of the channels iJiroxigh clay land have tended to remain open, tha^e 
in the silts to c.olla}3se. In canseqiionee a series of bloched drains 
resulted. Excess rainfall^ instead of being led oET, as had. been 
intendedj or of reTnaining disj^ersed over undr;^incd land as it did 
before moling^ lirst accumulated in pockets undergrourd^ and tfaenj 
under gathering prcssi^rCj tTiiptcd in considerable yohinrie at various 
points over the ground surface. 

In these soils^ drainage channels need support. Burnt clay tubes 
or ^tiles' are commonly placed in trencher dug for die purpose, 
which arc subsequently filled in. Even files, however^ arc uiefFective 
ill trinany line-graijicd silts. Tliese are notoriously difficult of ti'cat- 
merLt_, but iu some instif.necs .succcjis has been obtained by digging 
trenches and filling them u-IlH brushwood^ clinl^crs or other materials. 

In the nalure of diings farmers from limt; Immemorja] lea rut the 
general nature of the soils of iheir fields, and the past cenl:urics have 
seen much drainage work carried out without geological assisLance, 
But drainage is a contmuiug :icl'ivity, and the d.etailed gi’asp of both 
hydrogeological principles and of local geology that is now possessed 
ha.£ greatly facilitated land-di alnage work In hitherto dilli[;ult cFi^es, 
and in recent times has brought inlo use many areas diat previously 
had been regarded as intractable. 

Agricultural wlytur supplies 

Land drainage iiitroduc^es a converse idea, that of water supply. 
The intensive methods of modern farming, both arable and dairy, 
demand suppbet^ of watei' far in excesf^ of those required even half a 
century ago. In so far as die provisions of these extra supplies is a 
geological matlerj it may be said that geology aho cuterjs mto tins 
aspect of agriculture. But it does so only fiecondarily. In the final 
event water suj^ply, for whomever it i^s prijcurcfl, lies within the 
province of tlie w^atev engineer^ as outlined in Chaplei^ VIII. 

Geologioal maps anlj soil maps 

In the early days of geological science one of t)ie benefits cxpccte<l 
from tlie geological map was that it would be of gfent assistance to 
agriculture* This anticipatLon has been ftilfillcdi but not as dhectly 
as perhaps it wa^i then thought. Tliat maps to show in detail 
distribution of soils must possess a Iiigli value in soil soience will be 
appai^entj but this is a nLattor that is normally beyond the capacity 
of a geological map. IJnforuinately lack of appreciation of tins fact 
leads to misconceptions, 

P 
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It Las previously b&cTi reruarkrd thaL a geological map Cannot by 
any means sLchW all tiio gcologital information Concei'Tiing an area 
and that it jaeeda fo be accompamed by an ex]>bnutory memoir. SUll 
loss can it show soils which^ although of primary importance to the 
agriculturist^ are I’elatively unimportant as geological forma lions. It 
is exceptional for a geological map to tahe a:?gnizaiice of any surface 
depofdi Witliin )8 in. oic ^ ft, of the groLind surface^ and often sdll 
greater tlnckaesses arc of noecs^ity ignored. But in agriculture the 
top 6 in. to p in. i^ usually Vii:al. 

Soil maps are ihus concerned with the upper ft^ot oj- two of 
iiurface material tlTiat tlie geologist normally i.gnorcf^- They are 
constructed on various criteria, and on various ^caies. Some cover 
large tracts of Lhe carth^s cuItiviitaLle surface^ and are designed for 
generalized sliidiefi^ ihese carry lhe disadvantages of generahzations. 
Other mapSj or more correedy plans, are large-scale records often 
on die scale of 1^5 in. to r mile. These covei’ a few fields only, and are 
produced for guidance in cropping individual fields and farms. 
Although ihey arc n.ot geological inap:?^ they are in pai’t extrapola¬ 
tions from geological da la. 

Fig, XIV, [, is a soil map. reduced from one of larger .scale, of 
part of l.hc girjynds of the East Mailing Re^cai^ch Station^ Kent^ 
made by Mr. B. S. FiirncauxH 

In modern soil surveyings soils are divided into different "i;erics", 
Severi^l criteria are taken into account, including the geological 
nature of the ^ioil and subsoil^ method of accnu^ulaLionj colour, 
chemical reaction, naturHal drainage; topography, climate and soil 
profile {s£e ifi/tfEf). Mostly each series is diSLinguished by a local place- 
name or field-name, and should occasion require it^ a series may be 
stib-dividcd into ‘phases’. 

In the area, of the present soil map seventeen soil series have been 
delimited^ and of dir^enim. have boon sub-dlvIdcd, Tho-'^e series, and 
their subdivisions, together with ihcir disLingulshing symboh on die 


tiiiipj are : 

Ci; 

Chart Scries 

CtS 

,, shallow phase 

W 

"Wierton Scries 

My 

Medway Series 

MyW 

poorly drained pL; 

Mg 

Mailing Series 

Mg3 

shallow phase 

. MgR 

„ eroded phase 

% 

Harming Series 
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33 ^/R ErLrTrii]:ig Seiiea shalLow phasic over rap^stonc 
Bg/S ,, San*:lgalje Bech 

Folkcjitonc Beds 

D Dltiion Series 

Ly Langley 

ft shuJIow pha.^ over ftandgatje Be;d^ 

Ly/F „ „ Fuikstnne Beds 

lis Brioes 

R Roseacrc Series 

SH Stone HiB iSeries 

H FIjgL’ivoi ih Series ^avclly phase 

Sri Sevington Series 

SnG 3 3 „ ^avelly phase 

Bd Bearsted Scries 

BdS „ „ shallow phase 

BdG ,3 „ gravelly pljise 

BdSG j3 jj a'lir^dlow gravelly phase 

Ls Lo’ivJaiids Sciics 

L.'iG ,, gravelly phase 

Be Bradhoirme Series 

Bel .. .. irnproved drainage phase 

MI MiUhall Series 

T Twisdcii Scricf! 

^Mado land', that is^ hind on -whicli a considerable dump of 
material lias beeu p|]t3 is ]:Lot classifieds and is isliown by tlie symbol 
Uc. 

For purposes of compai ison^ a gcoiogjoal shetch map of the same 
area is given on Fig. XIV. 2. 

It will have been noted that among soii-surv'eying criteria comes 
tialural dramagCj already described as being largely a function of 
die geological strata beneath the soils as sho^vn on the soil map. 
Roots of many planlit^j not only for est trees and fruit trocs^ but such 
plants as mangoldi^ and swedeSj niay3 under suitable conditionHj 
penetrate many feet Ltuo die ground. In order 1:0 mate a 
proper apprecialion of soil conditions^ tlierelbrOj ii:is ofl:en necessary 
first to make a soil map, and to read it in conjniiction with a geologi¬ 
cal map; the two are complementary. Many of die ^phases^ do in fact 
iiiki: thi^ into account^ rnstanced by three phases of the Barming series. 

Tlici'c arc various mutters in which, while it cannot bo claimed 
dial; geology makes any direct contribution to tire economics of 
agricultui^ej yet in wliich it sliares a mutual interest with soil science. 
These maybe instanced by the scientific description of soils as diey 
occur in nature, and tlie processes of soil creep and soil erosion. 







1%. XrVj I,—Seventeen soil sei'ica have been detemiincd in 
the pai t of i;]ie lands of the Ea^ Mijjling Reaeardx Slatio]^ 
KeiiL^ shown abovon {Co^.p£2rs Fig. XIV^ 3.) 






3£i>S 

HyrM£ 

&£PS 


2.— Geological map of the ar(^ of East Mallii 
Research Station shown in Fig. XlVj i. 
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THI. SniL PROFILE 

'The minera.1 components oi'aH .^oiU consist of weaihered rock- 
maherial^ but the average stnl itsdf coa^sts ofsftvei^al distinci layers. 
In most ^oih m ic^npcratc rc^t,nons tlicic are readily separable inLO 
Lliree, the A, and C layers. 

The A layer ai the giound stirface. Apart from any eJTect 
vegetation niay liavo ori itj il is coiisLaiitly losing both iis very fine¬ 
grained maiOT-jal and soluble constituents wliich are dissolved by 
porno] aling ram fall. These are all cmTied downwaivh by rainfall^ the 
fir group in suspemionj lie second in solution. The A zone, there- 
forOj is one of conslnnt: depletion. This often results in appar¬ 
ently curious paradoxes. Many soils on chalk and other limestonesj 
for example, are, in their natural state, deficient in lime. 

But the tifans]3orting power of percolating rainfall is soon lost in 
friction, and at a shallow depth beneath the siudhcC:. generally a 
matter of 0 in. to 18 in.^ an acc^nn.ulation of tho finer particles 
removed from tlxc A layer take.^ place. This B layer ii? therefore 
denser than the A layer, and is generally more highly coloured. It 
holds up water, to a greater or lesser degreej aiid Is con^titnlly being 
cnridied by salts, well as by clay and silt paiiicics. brought down 
from the A Inycr. 

The C layer comiists of partly weathered parent rock. 

A record of a vertical section of these layers (which are them¬ 
selves often separable into subordinate layerSj constitutes a soil 
proiilc, as illustrated in Plate XIand Fig. XIV, 3. To tiiis 13 
sometimes added a. D I aver. This is urs weathered rock, and stidctlv 
therefore it is Tiot part of the soil aceordiiig to definition, 

SotT. F.R. 0 SJON AND SOU. CRELr 

'IIu: dis^ci etc mineral particles of’the Soil, loo.^c, or loosely 
packedj on i:lic surface, arc all de^sfined ultimately fe^r transportation 
to die sea. However slowly those particles may travel, it is in the 
inl:crCit& of lUfinkLnd Uy prevent thoir removal as much as possible. 
Moveniem. is noi; necessarily afow^ a fact that Inis been brought 
much Lo die font in recoTil years by instances Cif soil erosion on a vast 
scale ill variDus pans of the world* The t^ccurtence of soil erosion in 
Great Britain, though less speciacnlar ihan it has been elsewhere, is 
frequently demonsti^ated by the turbidity eif rivers in floods caused 
by loads of mud, nit tmd sai^l. Tlic:^c arc sod that is being carried 
away. 

Fart of the process of tranf^poj'tation is a gradual movement 
dowi^biil of soil o\ner the grouaid surface. This occurs naturally under 
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the influence of graviiy, and is known as ‘soil^creep’. Its effect is 
comtnonly to be; $e.en. at the top of la. quarry face, as shown in Fiec, 
XIV, 4, and is beautifully exhibited at the tops of some of the cJlffs 
of the Cornish coast. Movement of this t^qje is acceJ crated by the cui- 



Fig. 3r — A soil pro¬ 

file. ’E' and "G" layers 
Comprise a normal asp’icul- 
lural soil, 

dvritiori of sloping where It results in tlic formation of 

‘iynoheti" at boundavios at the bottiirn of two adja¬ 

cent arable Jicldsj tlie ground level on one side of a hedge may be 
several IccL higher Lhfui on die other. A notable example of lynchet 
formaiioti demonstrated recently by road-widening operations 
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nfar ("haring in. Keni:. These exposed a lynchet in cross-sectiorij and 
shelved ihat di.iring long-continTjcd cnltivationj soil material had 
been built up Lo a tin cl=: ness of more than p ft. on the uj^per side 
of a hedge line. Thiotness gradually tailed oif up the slope and 
at flic top end of the held ti^ue soil was but an iuch or two tliioh. 
K-oti Crnni the underlying 'solid^ was there turned up by the plough. 
Soil equaJly thin on the lower f?idc of thi.^ hedge. 

A special case of soil erosion charactoi izew the Fenland area cl' 



Fig. XIVj 4.—'Soil creep' or slow jaaovement under gravity 
oTiiai; and auhsoll down a hihslde as shown in a road-cutiing 
in Stessex. 

Britain today, Cultivjttion of peat beds ihcrc present has- led to tlteir 
shrinkugo und desiccation. Uurjjig periods wlien err^p.^ are off the 
ground wind blows vast quantiLics of Roil info LhL=^ wwter drains^ to be 
cairied away to rivers^ and ilience to the sea. In some areas the 
surface is today some lS ft. lower than it stood a century and 
over othcr.^ tho Icrfile soiJ hnts largely disappeared^ leaving a surface 
of licavy, iTLlractahk clay. 




c;hat>ter XV 


}^lanmngy Mining Snhsidi^?iceSy tmd Other Matters 


P REVIOUS chaptery have been concerned ^vilh some of ohe more 
apparent nsos of gcolo^cal science, from time to time geology 
lies behind die ficcnes, a* it wci-c^ in rather unexpected places^ and 
the present chapter indicates some of the less obvious, but still 
important wayj; in which It cjitcns into Our lives. 


PL/VNNING 

C^cological information is a fundamental necessity- to planning of 
Lho kind nf5 commonly underf^tood in G]:eat Britain today, which 
implies the regulation by local a-utlioritfcs of various iioti vines luider 
the audiorli.y of ihe Idwn arid Country Planning Acts of roi-? 

One aspect of planning of ihia kind, and pcj-hap^ one of tho mo&t 
difficult of its taski^j is regulation of new excavation sites for minerals^ 
again using the word ^minerar in the wide cc?minercial sense defined 
on p. 33. New workings, especially surface workings of the large-scale 
t>p]C csscntJFil to pi'cscnt-day economy^ are normahy and under¬ 
standably diyplcaF^ing to some persons or others. Planning authorities 
are required Lo strike a just batniioo between divers conflicting 
interests. 

Planning in a general sense has ever been an essential feature of 
business organisation. As far as mineral development is concerned 
it hfis always been incumbent on the producer to satisfy himself 
among other things that there are iidequate reserves of material of 
the right chemical and physical properties for Ids purposes to justify 
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a proposed Ctijiiittil outlyy; that, the thictncjiS of any overburden 
that may be present: is riol. &o great as to render working at a site 
uneconomic. 

The planning auliiorLty must of nccessiLy be acquainted with 
these tilings ajidj in addition, ^vith tTiforniation on the geographical 
disiribuLion over a very wide area of the sources ol' minerals pro¬ 
posed for wotkingj arid tiieir relaLionship to centres of demand; 
TIj.c weight to be given Lo the geological dyta in eacli planning 
episode obviously depends on circumstances, Tti some in£iLances 
gi=^logicaI facLors weigh heavily, hi others they arc of 111:lie im- 
poriance. 

For examplcj were a proposal jnadc to esiablish a new brickworks 
in a reaidentia) district it scctu^s likely that today planning autlrorities 
would forbid it. Brick clays <^Lend over wide stretches of the coun- 
try^ and it would be poinied out that there were many other less 
conLrovendal ^tes available. Yet even in connexion with hricfcworki> 
ihe marter is not entirely simplej as indicated by the following 
quotation fi'om The Timss of May 4th, 1955, rclatnig to a pi'oposal 
to work clay at Woburn Sands, Buckinghamsliirc: 'The Mijiisitcr 
rt^cognizcs that the pros|3cct of extended clay working and of the 
dcYcIopmcnt fjf a large modem brickworks i& unwelcome to resident^! 
intlie area, and agrees tha.tin general cxlonsloii of large-scale indastry 
in an area of thaL characCer would be undesirable, “'f'here is still, 
however, a need for exjianding and l e-equipping tlie brick industry'', 
andj although the Osdbrd clay deposits are of widespread occurrence, 
sites suitable for working are limited to those consisting of day of 
suitable qudit>^ and of sufficient depth without excessive over¬ 
burden and close to transport facilities' 

A different appj’oach would be likely in connexion witli some 
economically valuable deposit that may be known to ollcut only over 
small areas. The remarkable deposit of the special ty|}c ofelay knfswn 
as fltller^s eai'ihj which hns many industri^il uscS:, h otic of this type. 
It was known to the Romans as lerra fulbrnoi (a term perhaps legi¬ 
timately though broadly interprclied as 'laundry earLh^), to whom its 
cleansing atid degreasing propei'des were well understood. (It has 
beenclalmctl dtat die village ofBleichingley, Surrey^ which lies near 
an outcrop of Mleir'^ earth, ?iignifies the bleaching or cleaning place; 
but this place-name dcrivatiou, though atti'active, is pei^haps too 
facile to he convincing, especially ajs; 'bletclf, 'blech' and 'biach', all 
foi'ms of the same word, appear in other place-names quite uncon¬ 
nected with the fiiUer’s earth deposits,) In Britain the distribution of 
fuller^s eardij ajs determined by geological investigations, occurs over 
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nari'ow beka and in limited qnaiiLity in Surrey, Bedfordshire and 
Someraei;; indeed, until the end of the last century the English 
deposila of fuller's earth were almost tJic only ones known in the 
world, buL prospecLlng based on da La ncqnired from the ex:a.Tm na¬ 
tion of English deposits and their assochited strata, has diatlos(;d 
new sources both in Europe Eind in America, If it were to be pro¬ 
posed that a new excavation ;&liould be opened ibr fuller's earth, ihe 
site would of necessity be localod in one of these lesUicted areas, in 
wfdoh case amenities and other factors would lie in the balance 
peihapEi rather lightly against the teouomic one of pi-yduction. 
These are two pimple examples. Normal planning problems are 
more coiupkx.^ hi wJilch numerous factors, hiclnding tlie geological, 
have to be balanced against ca.ch other. Between titc limits set by 
these two examples, in fact, tlicre lies an infinity nf variation, 

"ihe point aL isj^uc that to planning of thi^ kin[i adequate 
geological information Is ejF^enlia.h Its inij^ortance is recognized in 
Govermnent circles; the MinNtry of Elousing and Local Govern¬ 
ment maintains a staff' of scientific oOicers expressly to gather and 
assiinilare evidence relevani to die many platming problems that 
arise. But much resea veil work relative to planning yet needs to be 
done i 11 the wide field of economic geolog)^ 

Geology' may or may not be concerned in the selection of the 
sites of the planned new townis now growing in Britain. For the 
most part ft would seem to have little hifluence except in so far as it is 
responsible for our general knowledge that almostdh-^- whole of the 
wade tract tiiat coutAius tlieae new towns offerji suitable conditions 
for building. IL docs aasist, how'CYCr, in avoiding pitlhlls of ccrti^in 
kinds. For reasons given imnxedtaLely bciow, it would be manifestly 
unwTse to place a new town over an area knoum to be salt-bearing, 
or over a coal area either riddled with old mines or where coal wos 
known to occur and WT>uld be Likely to be worked. Certainly c^sch 
ne^v towm must be provided with an adequate water supply. Yet it 
is not necessary for the source of water to be near at hand. When 
for vyrious reasons a site becomes desirable for human habiiation, 
the absence of an in]mediately local supply h no deterrent to 
its use. 

Ac every, new town rite some civil engineering pj.'oblems of 
geological ini port arise in the normal course of events^ but these are 
matters of detail, and have no bearing on the mahi point of primary 
siting. Such items as the lay-out of roads, the location of factory 
areas, and the design of foundations for hea\^ buildings, arc oftcii 
governed by local gctdogical factors. 
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MINING SUBSIDENCE 

It IS a, general priiidplc th'^t if rock material in great quantity is 
taken from belo-\v the surface of lie eai'tJi’s crust, tlie ground above- 
will ultimately sink hno tlte gap ; that is a physical effect that often 
cannot be avoidedn Wiiim iLmilE, however, it can. be controlled or 
U5 jjrobablc local clTecta anticipated. 

The tldcknc^a of the excavated bed and the nature and thickness 
of thL=: stI■a^a that overlie it all combine to influence both t^^pe and 
rate of subaidonee. In a nar.tow mine liltlc or no sijiking i}^ likely 
wfiei'e diere is a sufficiency of hard rock iinmc^diaiely above tlie void 
to bold up the stj'ata above h, wh a Lever their nature may be. In tJiese 
instances old mines remain as caverns comparable wiih the natural 
ca.v^Tns such AhS occur in niatry Ihnesione formations. The old cJialk 
mines referred to on p, 144 and many abandoned non-ferrous ore 
mijici? arc of diis kind, 

Suhjddence is more Lo be expected where mines cover v'r'idc 
cspanseR, In Great Britain it occurs mainly over old coal workingfij 
some old irons lone inineSj and over old sail workings. 

Coal Measures as otidined in Chapter XI consist primarily of 
bedded clays, sandstones and shales. Mostly these have lit lie 
supporting value bui in any event the method of extraction of coal 
leaves voids of too great area for effective bridging generally to come 
into plf^y-j ntnd ultimately subsidence results. ]Mining engineers exert a 
local cx>ntiol by leaving pillars of imworkeci material under tracts 
where subf^idcacc would be known to be Jiarmful to surface features. 
These pida^£^ arc of sizcft. shapes and spacing designed to accommo¬ 
date local conditions. Churches, large houses Etncl even ^tillages are 
so proiecLed. The Nether ton Canal tunnel in Staffordshire is a 
specific ins Lance. Sub:sidcr^ce to some 40 ft. occurred in the neigh¬ 
bourhood but tile mined niriU^i’iak in this case coa.l^ was left under 
the canal which for a short distance now rum on a ridge of land 
40 ft. above the surmunding countryride. Had this not been done 
tho w^ater-canrying tunnel would bav^ been ruined. Raihvays in the 
HidJatids have been similarly protected sind again, notably between 
Birmingham and Wolverhampton^ parts of the lines stand some feet 
above ffic bud alongside. Various melhods of packing voids wndi 
waace matcriiil ai'e also employed to arrci^t collapse* 

While it uiay not matter in a great rnany districts if localJy die 
ground surhicc drops a few feet reladvcly to ^ca levels in odiers the 
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ecOKioniio t^Sbots are aerioxis. Built-up £ir^-;as may suffer f>cv(.’?ely 
tlir.ough L^ra[.:kin^ of wall^, fracturing of ivaLOr juains, gas mains, 
dri^.UiS: ev.i>^ Stil) more disl.urbing from a long-term \iew is sub¬ 
sidence of low-ly^ng areas, hy various j^arLs of Britain large tvacL^ ol¬ 
io w-lying gi'o and bavcgradiiiilly sunjc either below dm normal level 
of a neighbour in g river or below sea level and have Crither become 
permanenily drown t’d, or have had to be i^rotecLed by cmbEuik- 
ments. A fisauie produced by mining subt^doucc in Nottinghamshire 
is shown in Plate X, 

Much research^ in w}ucl■^ geolog)" has a place of imi^orLancCj has 
been undertaken cotiearning the mechanism of subsidences and 
much has therefore bium learned. Such, are the forces of nature^ 
however, that if tlrrough nunirig there is a local tendency to sub¬ 
sidence, there h little tliat man can do to prct"eiit it. 

Subsidence o^='er salt workings h particularly difficulL to deal 
with- Saltj like gypsum, is an evaporilc. It iff a common constituent 
of the earth's cru5f.t in the neighbourhood oi.' former geosynclmes 
where inland SeaS have been cut offb"/ moumain-bnilditig processes 
or former oceans^ and .have then dried up. 

Worked deposits of salt in Europe are not of the order of salt 
domes in, extent^ yet tficy arc very thiclc. In Great Britain, most, 
if not allj of the general sfi.lt-bcaring areas have been located^ 
and are known to be aiolined to the Permo-Triassic formations, as 
would be expected from geological deductions concerning the origin 
of dies e beds. They occur in Oheshhe. Worcej^LershirCj SLufUirdf^liirOj 
Yorkshire, Durham. Lancashire. Shi'oj^shire and Somerset. 

In Northwich there is a thickness of about 18o fi. of salt; five miles 
E^way at Wmsford it is about 240 ft. thick. Ei.t Plumley, north-ea.Bt of 
Northwiclj, there is neaidy 600 ft., Emd in Yorkshire, near MiddTc-^“ 
boTOuglij a thickness of over 850 ft. has been proved. In Britain little 
saJt IS obtained by mining; mo.uly it h extracted as brine either aa a 
naLiiral aoKiticEti or by piiinpmg water iiuo die aaU beds and pumping 
it out af[.cr ii has bet^cjmo saturated. VVhicliever method is used, 
h.owevci\ the nei; resuh is die esiraction of salt t):iat until disturbed 
exisied as a solid .rock, and the creation of a vo.id in the slrata. 

Geology makes its contribution to the industry^ as in oi:her 
mining industries, by enabling the mnxinium of informaiion to be 
obtained through the iutcrpr[Station and cort'clation of data given 
by tlic numcrouj^ exploratory bc?relioles that are put down as a 
matter of normal proceduren As regards subSTdeneCi in Biitain It 
may offer some assisiaiice to the salt engineer in ooTitrolling Lhe rate 
and three lion of sinking^ but the^ie are but temporary expediencs to 
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avoid immcdialfr damaj^e. The otily efrcouve long-term contrvfjution 
that; geoloi^y can maJce is the phiirj.sopfiloal one of indicating that we 
cannot both retain e-ur knd undi^iLii'bcd, and uiidermmc it at tiie 
samo time. 

In Ghe&hire many acrcj? Lhat wei^e green fields y.t tl^e tniddle of 
Uio nlnetemdi eentiiry are already under water maTiy feet deep; 
prcaent-day areas of subsidence are sliowji U\ Fjg. XVy r. The 
general problem^ however^ waB lJut.inU^ perspeetlve by K. L. 
Sherlock in 19^2, who remarked: 

'^Ttie quantity" o.f .^aft in Cheshire is vasL daat it is likely to be 
some centuries before it i:^ cxhansuttl and die full subsidence [be, 
boo fi. at PluTulcy] inay Tn^ver he felt. In Lhat very distant Juture, 
howeverp there is a pi ospccL of an area of some hOu Squfire iniles 
being reduced hi attitude by an average amount of too ft^i which 
would bring mucii of Cheshire below sea level. Tveu if the sea 
vvere to he kepL ouL by embankmentsj the drainage water wouhl 
fotin a large fresii-water lake parts of which might bc^ say, 400 ft. 
dtepT 


SOME OTHER MATTERS 


La:ji> valuation 

Estimatiorii of mineral reserves for land valuation purposes are 
directly dependent on geology. The recent nuttionalr^atioi] o[' crjai in 
G-rcut EritniUj lot imitnncc. has entailed compersation to former coal 
owners for loss of miitevjsil T Dclierinijiathm of oqui liable sums 
follow.'! on a gL=:okjgical ap2:>raisal of coal reserves both as regards a 
genei'alised cf^dmato and n^gards the tonnage reasonably to be 
credited to each parcel of land involved; indeed, that h the only 
possible satisfactory basis of negotiation. Valuations for other 
purpose.s—buying and selling, death duties^ etc.—all need to take 
huincral rlglitd into considerittion. So well knovra is the broad 
geology of Great Biiiainj however, tltat in Lliis counriy little difiiculty 
is normally e:Kperienced in arriving at reasonably salislaclory 
estimates. 


Stdi^.aos in caveilns ano 

In very recent years thcpossibiliticf^ of Staring liquids and gases in 
large Uiiderground cavciTiSj eitftcr artiliciai or n^turab and usijig the 
cavern walls as confining media, has been investigated ^vitb some 
success. Thbt ns a part of modern industiial <levelopnient. Factors 
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tTiai have to be taken vei^y clos<:ly into con^.TderatToii include geo¬ 
logical siructure, tJie posidon of V;atKr-Ublc if present, nature and 
porosity ofrock^ and fissured or anlissiu-cd cliaractcr of the beds. 

DaM.\OE to EUTLDTNGS EY ROME EXPLOSIONS 

Study of damage to foundauons of buildings by bomb explosions 



Fig. XV—Areas of Subddente in die areas of 

Cheshire. Land subsidence h there inscpaxTablc from the 
extraction of salt, 

has been related to the fact that ^ome slrata are found to transmit 
shocks produced by cscpIosioUj oLhers to absorb them. In one 
instance it is known thal ihe explosion of an enemy bomb caused 
serious damage to a church four miles away^ by shaking its founda¬ 
tions. In tliis case the strata were heavily charged with water, and 
accordingly u'ansmitied much of the shock. The possibility ni' 
damage of this kind is fully recognized in official qujuters^ and ilie 
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gi^oIogicaJ Structure of aT eiiS wlici c; It proposed to explode large 
hombsj eitlier for e::^p^^Timcln or for bomb disposEi), is normally 
determined previously to detonation. 

Disease prfa^ntion 

It haft been mentioned above that^ regarded simply froTii the 
’vdtwl'JOiTi L of rock-geltingj science would secni to be; ui the debt of 
tlio quarrying indust]y^ The balance has been redressed^ however^ 
hy such items a^ petrological work on dust ilom coal mines and other 
materials. This ha.s played a pail in the elucidation of the 
causes of lung diseases of various kivLds that affect many industrial 
workers in the quart-ying and ruining industries, and has led to the 
discovery of preventive measnres diat are now enforceable by law in 
most eouTitric-^ of die world. In lias reduced human suifermg and loss 
caused by these discnases to a fraction of’what it was a century ago. 
Insurance companies generally take advantage of thi^i inform ad f.m 
in escimating premiums for workmen's cumpeusnitou insuiancc 
cover in relation to quarrying and mining, 

UlIia2:ATlON Of VOLCANIC m^AE 

In recent years the possibilities of using dio vast heat cnci^gy 
stored up jn the deeper crusta-l layers of the earth lias been invosti- 
gaicdn Wlicdicr a general dcvdopmrvit will be possible to do so^ 
iind if 50 whether it will bo economicj k a maiter for tlie future. At 
certain volcanic spotsj howcvcij in New Zealand^ Iialy and else¬ 
where, ^vhere vulcanlcity takes the form of geysers^ steam vents and 
hot springs, harnessing this energy is not only possible, hut is being 
actively carried out. 

One of the most interesting cases ns in Ttody where at Lardcrello 
in TusofitLy Steam vents rind hot lakes have been known for many 
centuries; ihcy were mentioned by J.ncretius Car us in dm first 
century b.c. A scientific study—indeed it. may jnsLly be &aid a geo¬ 
logical study—of cheni was made as early as 1763. Yet it Ls only 
during the immediate past and present decades that they have 
been utilized to any great degree. A prerequisite to diis was a 
dctVii]cii g'cclogir.al appreciation of the probable of the gcrtcra“ 
doii of dm stenmj and of the nature mid structure of the strata. This 
seems to indicate as the source a magma beneadi rocks noi older 
than Permiajj. Upon this appreciation lias been based a plan of 
controlled boring - each borehole being in effect a new vent. The 
deepest is nearly 3^000 fo deep. The uprising steam has a pressure up 
to 530 lb, per i^quaie in. Brought under conti'Ol in dic.se boreholes^ it 
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provides suflicient powLT to drive generator a that supply 03 k> 
fiftootidi of die wliole of the electric reqairements of Italy, I'hese 
steam w^Tits provide an nrncrcstiiig geochemical probleni for tihe 
steam coniama a very high pei’Ccnta.ge of boron, wliich It as become a 
valuable by-product of tlie primarily electrical geiioia ting plant. It 
is an interestingj though perhaps here irrelevant, polnl: that tliis very 
modern apjilication of geology wag rendered possible Lhi^ough 
American aid to Italy folio whig Lho 9 ^ 9^15 War. 

As j.s the case of oil drilling. i:lie Larderel.lo developments are 
very largely controlled by a geological staff 

Early Main 

The advent of even the most primitive race of man i& but a thing 
of ycstcuday in tJiC scale of geological time. Geological iiLtcrest in 
early n-^an mure or less confined to the Old Stone Age or Palaeo- 
litfiic raceSj who lived during the earlier part of the Pleistocene 
pct'iod; latcj' ivitcreiit i:iicn progrcs^jivdy movC:5 through, archaeology 
into history. 

The study of such of carJy ma.n,'^ skeletal ronuriris as have been 
found Ls perhaps more a mat lot of anthropology than of geology. In 
common with the bones of land mammals generally^ his remains 
disintegrate comjDletciy in a matter of a few hundred years at the 
most and ihe chances of presei-vation are so extremely remote as to 
be almost non-existent. So rare, in fact^ are fossilized human bones 
and so great is theii’ cori’espondmg anthropological and geological 
interest, tltat the notorious forged specimens known jis the PiUdown 
Skull stimulated more than goo scientific papers before the fraud 
was exposed. The geologist has been compensated for the paucity of 
fossil skeletal material by the preservation in Pleistocene drift 
deposits of vast numbers of atone tools made and used by die&e early 
meui They have a widespread appeal in ihe geological world, both 
EOn-professioiial and profcs?^ional. 

A progressive improvcmeiit in design and construction of j&tono 
tf}ols from stones Uiat are not shaped tools at all but wero used in 
their natural shape for various purposes, to most delicately worked 
implements, is to be expected on a prion grounds. During the past 
three-quarters of a century many thousands of fJint implements of 
many kinds .have been collected^ and such a progression in form in 
fact discernible. 

Tlic application of geological principles to the cxumhiation of 
these iTUpIements and their natural locations led to the establish¬ 
ment of a number of ^cuhures', and alfhthugh iilde is known of the 
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physical features of liie men who made ihemj much hass been 
deduced concerning their habit 

At the beginning of the sequence <jf forms is a kind of no-man’s- 
iand. Stones (in Britain and niiicli of Europe most flints) tin at may 
or rnfiy not have received a little aiiilicial trimming arc Imown to 
those that believe them to ^how human workmanship a.^ 'Eoiith;^’, 
That there are no certain criteria l^y which to jtidge them h uiiavoM- 
able from tlie very nature of their presumed origin. 

Some of tire most pximiiive types of imi^lemem: were fabricated 
by shaping a pebble or block of stone by chipping pieces off it. 
Among these are flatfish ovate hand axos, and rather more elaborate' 
pointed hand axes. It does not foUow tiiat a crude implement is 
necessarily an earlier form than a well-made one. Crudit>^ in shapt: 
and workmanship of one form compared with another may depend 
on the gkiUs of the respective makers, on the purposes for which Lhe 
tools were made^ and on the period of manufacture. Yec^ even taking 
these fhctH into account, the sequence of cultures i.s well establislied. 

A revolutionary improvement, iti technique arose ^vhen some 
l^alaeolitlhc genius discovered ihat fLakeJi iVom ^h^Jucs could be 
generally much more effective than was a core-Lype implement, Tho 
later palaeolithic iuipUnncnts therefore are of .flake ty]:e. I'hey 
merge ixifO a vario(.y of highly hni.djcd tools of both £?to]ie and bone 
made by htiddle Stone Age, or MesoliihiCj nieji. and from tho.^c into 
New Stone Age or Neohtiiic types. 

Not only has a sequence of palaeolithic "cultures^ been estab¬ 
lished, but by correlating observation^ on implements, on the 
deposits? m which they were found, ynd on the inutua) relation.ship 
of the various deposits^ it has been found that pHtlaeol.ithic imple¬ 
ments may be used as zone fossilsj as it were. By dudr me;m^ many 
various implement-beac.ing drifla of PleisLocene agL=; have been 
geologically dated, and much light ha.^ been thrown on die sequence 
of genlogica.! developments of tiic immediate jiiast thai shaped Lhe 
land-forms of today. 
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G^olo^for ihe jimateur 


I ^OR a variety of causes amateur geologists are relatively 
^ when compaTed with those who are mterejsted in other sciences. 
NuTKibcrs of people take up botany^ others acquire close acquaint¬ 
ance with birdsj buttei'flie^ iJnd moth^^, Clicnirt^ti:^!' and physics, 
though perhaps rarely umatcur studic^^j aro more; widely appreciated 
than ia geology^ ^ince in many guistis iJiey make an uninif^Lakably 
direct impact on ns. 

Geology makes no such obvious and general impression. A wide¬ 
spread vagueness e^cists as to ils real import and it comes to be 
thought of as something of a mystery^ though as one that "must be 
very intercstingh Yet potentially it is rnore than adequate to provide 
an ab^sorhing intcrc5^t for the non-professionah 

One of the main reasons for tMs general posilioih irt Great 
Britain at leasts and also in some other countrieij is that it is 
decidedly rare to find geology included as a school subject, although 
cultural consid era Lions would seem to requii’e tliat some urstruction 
at least should be given. I'he omission is to be regrettedj yet ii must 
be admitted that good reasons can l^e advanced against its lucIilsioti. 
Two of these although of doubtful validity are that it would be one 
more subject to take a place in au ah'oady crowdedi and perhaps 
overcrowded^ eurj'.iculuTn.; and that at the present time there are 
very few me tubers of school stridfs indeed who are competent to 
Leaclj even the rudiments of tlie science. But neitlier of these objec¬ 
tions is basic; were it to become necessary both would be overcome 
in a matter of a few years. 

The fir.St real difficulty lies in the very cojupreb.eiisivcuc^s of 
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geoJogVs A b^Janoeci programiiJC of teaohiug won 3 d require l:h£it all 
Ibnr ol' the main braiiche^ OLiLlined in Cliapicr II—phyaie^l 
geology, historical geology, palaeontology and petrology and 
mineralogy—received dieir meed of attention. \et instruction In 
diese depends on previous insnuotion in f?ome other subjects. 
Palaeontology requires biology as a preliminuryj or as a subject to 
be talceu pm passu with it. Petrology liud mineralogy- need a ground- 
iTtg- in cliemistry and pliy.dcs. Ib&torical geology and stratigraphy 
introduce the none-too-caj^ily gia^ped subject of phydcttl geology. 
All three have a Epcciali?;cd jargon. 'I'here remains physical geology 
itself. This is EiJmost oolnoidcnt wdii physical geography afs under¬ 
stood in scliools today and l:o that extent physical geology is already 
taught* 

A second greal: difficulty is that geology^ if it is to have any real 
meaning to diildrenj must be regarded c.sscuLlally as an out-of-doors 
subject. Schools in urban areas ’vvould fiTid llih an obstacle not easily 
surmounted. While rural avea^. w'Onld offer ample open country for 
Htudy^ in nrany the geology might bo far too complex for elementary 
needs. 

Finally it may well be diat ^ynLheE;es of other subjects nccc.'^sary 
to ihe formal study of geology would tend to overtax the powers of 
juniorsj and might only be suitable for those who lifid already 
reached the level of dre General Certificate of Education osamiiiadon 
as taken in Great Britain, 

Tho above points; arc, of courisc, debatable;, but if their validity 
be ac^oeptfd. it would I'le a justifiable conclusion that in the present 
circumsLances geology h not a really suitable tichool subject^ but is 
one that is more fitlingiy inti-oduced ai the universuy undergraduate 
stage. It would then follow" that mattei's are best left as they arc now, 
for such schools as wish to take it^ and for school scientific societies 
to foster those who show a natural liking for the subject. 

If tliis Rummary of the position, apparently defeatist from the 
point of view of the guologiKt^ be accepted^ the question arises aR to 
how die average person who hag not had the advantage of an early 
start in a scliooi scientific socieC)- could gain suSlcicnt background Lo 
take up some section of geology as a Iiobby, 

A nuinljer of excellent books have been writteirij but niany people 
would hud tficm difficult to use wdilioui guidance. Further^ to repeat 
a point made iibnvcj an outdoor approach is a sins no 7 L Fortu¬ 
nately a number of asROciai.ionR cxsgt w^Kose members Jsavc an 
interest either wffiolly or pardy in geology. The^c provide just tliosc 
faciUues that axe necessary. In Britain i.hc Geologisti;' Assodatiorij 
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wiLli liead.qiJiirLcrs in London ^±nd with branches in the proviiuieSj 
is essential!j-' am^j.teur in its onliook aiid its primary object is to hold 
field meetings boiU in. various parn^ of Britain and in coimti’ies 
abroad. Some of these are half-day and day Lrips, odicr^. last long 
as a fortnight or three weeks. These field meetings are ndiiforccd by 
koturcs and papers given indoors. The Geologists^ Afiaociador] 
posgessef? a 'Kcif-lidp^ atmosphere in vvhicli the veriest lyro and the 
trained praib^^sio]:ial go arm-in-arm^ aj; it. wnre. It ha? been responsible 
for introducing many Jnuidreds to geology who have later become 
enthusiastic folioweis of the subject, Plate XIe is an interesting 
photograph of a G.A. field meeting of 1913. There are many other 
societies that arrange geological (ield meetings and lecturesj such 
as the Liverpool Geoiogica .1 Sedotyj the Yorkshire Geological 
Society^ the Woolhope Field Chibj ilic Bristo] Naturalists' hSociety^ 
the Cottesw'old Naturalists’ Field Clnb^ the Dorset Ni^turai History 
and Archaeological Society. In all cases siibacriptlons arc very 
modest. 

Many niu^cums both i.n London and the iDrovnnces possess geo¬ 
logical exhibitsj bul Jor tljc mo^t part they tend to be unsuited ro an 
introduc toiy use. PeopI c 1 ivin g m London, h owever^ have the 
advanLage of the Geological Mustmin al .South Ken^ii tgton referred 
to above (p. 95)j whei'e numerous exlnbits narc on view with the 
express object of creating initial inteiest. Most museums are in a 
position to put anyone interested in touch with one or another of the 
various societies. The wdde scope of geology hovi'evor impels many of 
its adlierents, amateur and professional alike, to .^pr^ciy.lkc in one 
branch or another. Accordiiigly a brief analyrnb of the potentialities 
of tire jsevera) sections:, in so far as they may appeal to the amateur, is 
givm\ here. 

OROMonrHonooy: the stuuy of lani>-eok.\lS 

Since ihc landscape of any area is dependent for many of its 
characlierLstics upon local geology, perhaps the branch of geological 
study that promises to be most attractive to the amateur is die 
development of scenery. So mueli is th-h the oa-^e that many 
people respond wdth the comment wish I kntrw more about 
if’ when a geological analysis of a particular scene is made for 
themn 

To use the word "scenery^ in a geological context is natural and 
It has been employed both in numerous geological tcjit-books and 
more popular works. Yet it is particularly to be clear as to 

what is really involved. The definition of scenoryj as given in the 





GEOLOGY ANO OURSELVES 


246 

OxJi.'Til Didi()nary is dial it is "the general appearance of a place 
arjfl lialural features recorded froin tlic jnctij-resque poiriL of vie\v; 
the aggregate of pdeturesque fe a hires in a landscape'. 

This whoHy acceptabJodefinitioji implies that scenery is a resultant 
of vegetation^ colour of ligLt (tv-hich depends on such things as 
tiruc of day, season of year and cloud effects), and the actual form 
of the land. Geology^ embraces land-foims only, and is therefore 
buL one of the contributory factors. In rcccul; yenrs this Im been 
recognized by the In.troductLor of the ^^'ovd ^gconiorphology^’ into 
both geological and geographical literature. Though .soemirigly a 
piece of scientific jatgOTi^ diift word conveys precisely die rc^Lricted 
idcn required. It is wtli laTid-forms^ ratlicr ilian witli the broadci’ 
concLCpdon ofjiceneryj that geology is mainly concerned* 

PRl^"CIPLES OF Gr.OMOE.PHOLOOY 

Fundamental principles of land-form developmenr may be 
compared In some respects with those of sculpture and carving. A 
EculptoT uses chisel.s of various hinds to obtain different effects.. The 
'chisels" employed by nature are drose agents of erosion ourlined 
oji pp, namely, rain, rivers, frost, ic.c, wind avid the aea. 

But in bodi sculpture and carving the 'grafn^ of the Tnatc.rial. 
is also imporLanL Thij? includes niter nations of harder and 
softer layerSj vai’iatiom iii l.bch' diickucss^ and the pattern of 
arriuigemcnt. 

On those kinds of wood tliat posacHs little grainj or on a block of 
Poriiand ftccstone or Carrara marble (types of mateiials that are 
LexiuraUy more or les.s homogeneous throughout) tlie artist may w'ork 
his tvili. A strojigly grained wood or a slate or phyllite imposes 
limitations. In the former Geological Museum at Jermyn Streetj 
London, an iniricatcly carved Chinese sci’een wxirked in slate tvas 
exhibited, fts most notabU’ feature wtis the skilfLil way in which 
the car\"er had utilkcd in hh design certain colour bands nnd 
harder layers present in tho slate. In a way this sci'ocu was 
the expression of a fiCly-fifty collaboration between nainrc on 
the one hajLd an.d the Cbiaeae carver on ihc oi.her. The broad 
design was already inherent in the block of stone' the carver 
developed iL and added hi a own detail. So iL is with sculp iLiro; 
the basic design is inheT-ent in tJie strata; the several ei’osionai agonty 
develop it according to their powers. 

The basic principles of the study of land-form development ai'e 
few and simple; briefly aj^e: 
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(l) Most l^Lnd-RjnTis ai’e prodaood by the erosion of tho land 
surface. 

(fi) Soft rocks are nioix easily removed ihan are hard rocks. 

(^) The local arrangenie^it of strata strongly influences the local 
pattern of scenery. 

(4) Eadi agent of erosion is capable of producing its O’vvn 
character!?ttic effect on strata of the same kind and arraiigc- 
meni:. 

(5) Vei^ical movcTnejits of land area relatively to sea level give 
rise LD special fcatuteSj pai’ticularly around coastal regions. 

(S) During the tetnparary periods of sojourn in the course of iti 
transportation to the sea., debris produced by erosion may 
be built up into iui ou-n characteristic land-forms. 

It will be iiumediately appai'cnt that^ to coruprehend rhe develop¬ 
ment of evcia the ^simplest lancUforms^ some background ofgi-ologioal 
knowledge is required. This neeci not necessarily be fneten^ive. An 
appreciadon of tht: fir^t three of the above points may be all ihat is 
necessm^y to interpret tbe br-oad "grain' of a tract of country; that isj 
tlie general directions in win oh local strata tend to run. The North 
and South Downs^ ihe Clotswoldij and die striking "edge?^' of Derby¬ 
shire mark ihe ^grain" of the country around, them. They are liills of 
simple structure^ each of which owes its form to l:he presence of a 
hard rock formation dipping at a low angle in one direction and 
ovcrlyiug JL softer one. Mountainous districts normally pro\nde land- 
form^ of greater ce'mplexit>". Those of tlie Dcvwentwater district of 
Cumbturlandj of^ which Plate XII a is a photography jire the oiit- 
come of gJaeiy.l action, that cut a U-^'^hajJcd valley and gave rise to 
a lake^ and of river actioxi iha.t, atnong- otlier LhingiS; is now active 
in filling tlie lake in. 

Examples of LA:™-FOJiMs 

The inherenL interest that land-forms may provide wafi well 
brouglit out by an exhibit on view in t 954 in the Geological 
Museum at South Kensington. Tltis comp] isod a ^scries of some 
fort^^ pictures drawn by well-known artists^ and publislied as 
advertisement posters by British EjdKvay^. Eveiy picture brought out 
£ome stri>rLg natural socuic feature and eacli feature was directly 
i^uscepdble of a geological explaixadon. It is unlikely* per haps j that in 
every case the artist was conscious of the geological nature of the 
laud-forms i:hat lie had portrayed; the probabilities are the reverse. 
Vet each picture possessed an added interest beyond the purely 
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once che unflcvlyijig geologic^ causes of the iiTid-rorn^.'i 
came to be understood- 

A picture of die Souih Dowr^ oi' indicaied a gently 

moulded ooT^1:oul^ Land shapes of tins kind are directly assockted 
with the soft chalk limestone as it rea.ci;?=. to erosion by rain and rivers 
under a temperate cliuiFitc. AnoiLer picture, of Gleeve Hill and 
Nottingham Hill in tlxc Cof^wold^, emphasised Idli-forjns associaied 
wth harder, wej)-jointed limestones, and a lowland outhne normal 
to soft-clay For^narion^i also carved witJr these ^anic agents of rain 
and rivets, 

A diri^tvlng of the Guiliin Hills of Skye reproduced then.' rugged 
nature- This h a reflex of the t\^pe of rock of wliicli they arc cam- 
pi'iaed fa gabbroj^ as ft sculpUnred by the harsh looL of glacia- 
don; the Guillim still retaiji theft Farni af^ a legacy ftom the glacial 
period. 

The Loch Awe neighbourhood of Argyllshire possesses an 
attractive jvi'cgulav hummocky topography. These ImmuiOeks were 
produced by glaciers, Kome are elongated hillocki^j eompo.sed of 
boulder clay laid down and shaped by- ke, Gtherf^ are humps that 
when viesved from one direction have a .smooth oiitlini.-:, but when 
seen ftom the opposite have a haj’sli craggy uppoarance. The.str latter 
were carved out of hard "^oJid' rocker The smooth side faces the 
upstveain direction of fotiTLcr ice movcmeni. The great pressure of 
the glacier in its travel ovCt' the rocks smoodied away all irregulari¬ 
ties. liuL on I'eacliircg the dot^'n^U'eam end of the mass of rock the 
o\='eriiding ice plucked oiT large pieces^ leaving a craggy outline. 
Rocks of this type are termed roch&s mou£onees ftom tJieir fancied 
resemblance^ when seen frein a distance^ to sheep lying down. (The 
same idea of I’esting sheep lies heliind the name oJ' ^greyw^cthers'^ 
given to some large isolated bouldcrfj in the south of Engiandj 
although tliost: are not of glacbl origin-) 

A view from KnoddiUl, rKinh-^ast of Crieff, Perthshire, iucludc5^ 
some rugged niomitains in ilie distance ajid low-lying gi'cen slopes in 
the foreground. Xtiis remarkable change of scene is primarily a rosi.ik 
of a tremendous geological fault known as the Highland Bouudai'y 
Fault. This fault displaces strata a matter of several thousand feet 
verdoLiby aud brijigs a mass of very hard strata into jnstapo.siiion 
witli one of rclativoly beds. The latter have been eroded to a 
very much greater eKl:t:nt than the forn-icr. 

As a fin^ illU 3 irationj a pichuj-o of the Newquay district of Corn¬ 
wall show^ed a series of distinctive ikt-topped )ibadlands. At one 
geological period these flai: tops formed part ol' a wavo-out platform 
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of A bed. Subf^equeiitly die -^vliole area -vva^ elevated several 
hundred Jeef ahi:^ve tire sea, and still later tlie originally coniinuonfs 
flat plane has been out by streams into separate blocks. A similar 
feature neai^ Newlynj also in Cornwall^ is shown in Plate XIIb. 

The above illnsliraLions arc of broad la.nd-forins whose origins 
are relaiively obvious. It would be Tnislejj.dingj however, were they 
to give an impression that geoniorphology^ an entirely siniplo 
matterj for many features can only be explained, by invoking most 
complex geological processes. Eveiy endeavoLir to trace the causes 
that have produced a particular item of scenery requii’es its 
sufHcienoy of geological knowledge^ and, equally important^ of good 
power's of observa.tion. When tin; stage of broad genexali^sationa 

there arc prog^nis’lively required closer acquaintance with 
^fiutigraphy and tcGtOiiicSj a. fuller undei-standiTig of the several 
'carving taoh^'j and a .greater ability to note minute difTereiicefl in the 
contour ofibe ground- 

Numerous excellent books assist in the iirst two requiremimts; 
indeed an introduciory book on phyTsical geology—-that iSj one that 
describes the general liabits of river?, fi^c bc^haviorjr (radically 
different from that of rivers) of glacier?, and i:lic general ways in 
which anticlineSj synch neSj ihuta and other strut Lures affect land- 
forms^-becorues essential. But hook knowledge of these things can 
t)nly be used effectively if it h applied to observations made in person 
in ihc licldn Many books clearly explain certain spcciRc examples of 
geo morphology, in ihc nature of tilings thc=ie arc models on which 
iTuerpreta lions of oilier features may be based; they cannot be more. 
I’he permLitations and combinations oi’ changes in type of rockj 
geological structure and clunatic condiiions both of todayy and of 
the pa^t that still affect tJ:LC present, are infinite^ and Jand-lbrms are 
accordingly infinitely variable from place to place; thaL is part of 
their attraction. 

The only pieces of apparatus required are a geological map 
and fjf available) a geological description of an area^ and no 
storage faciliLie^ for specimens 3.rc wanted. To those that have 
eves to scCj and who enjoy uriTavelllrig j^uzsleSj geomOrpbo!og}' 
becomes a mo^t rewarding ^iparc-lime occupation. 

The field geologist often reverses the interpretwo procedure of 
geojnorphology. He observes, the landTonn^ and uses them as part 
of his evidence for determining earth $ti'uctUL'e. The principle 
adopted is thar every change in con lour of the ground ^ however 
slight il may bej mean?^ something; this may be little, or it may be 
of great importance. One of die first things a field geologist who 
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finds himself in sm ujifuninisu' aresL haji to do is ^io gei his eye in^ to 
thi: local major and minor. hic proceeds mdi his 

work ho attaches to them the value that diey deserve as field 
evidence of geological structure. 

PACAnONTOlHOGV 

Possd-colicctiiig is a fairly common hobby among boys and girls 
of school age. Some young collectorperhaps the majority, are 
mildly attracted by the (to ihem) unusual. These soon discover, 
howewr, that except in only a few strata, fossils arc by no n^eans 
common^ and that to find them iiwolves c^onccntratcd and lengthy 
jscarching. The^'-find also ihatiti diosc rocks Lliat arc prolific, such as 
some of shelly iimc.stones of ihe Jdrasf^ic formations, the kinds of 
foEsils are limited in number. 'I'he mildly interested collectors soon 
fell by the wayside. 

Odters find a real attraction in one aspect or another of fossils. 
In poitLt of feet many palaeontologists of today^ both amateur and 
profejislonal, have coulinued and expanded thcii^ sehaoldays' activi“ 
ties. Palaeontologyj however, tends strongly Eowarrls specialization, 
and interest may uhimateiy centi'e around a single biological group 
on the one hand^ or on the othcr^ around acquiring from a single 
bed ai? complete a coilection as possible of fojsfjils of diffftnmt genera 
and species- .'Vmyteur pala.comoIegi^tH^ have a jDoi.ciit.ial of con¬ 
ferring great benefits on get logical science. One of the most out¬ 
standing examplefi is diat of Charles Lapwortli who^ 

starting his life as an amateur, became Professor of Geology at 
Eiriuingham, and. is amongst the ranks of the most eminent geologists 
of all time- Again, the hue E. S. Cobbold^ working in the Welsh 
borderlands^ contributed an iTmrKmsc amoniU tv our knowh.^dge 
of Lower Palaeozoic stratigiapfiy. W. TnLchcr became a world 
authority on Lowei^ and Middle Jui'assic foRsib- R. Pope 
Bartlett^ a country" doctor in Dorset, worked for twenty-five 
durj.ng die early part of the century on a single bed little more 
than Q iis, diick. but widespread over Wiltshire and Dorset. He 
discovered much of sh aLigrapbic^il i]itcrc=:st. concerning the Upper 
Greejisand and Lowei^ Ghalk. A. W. RowCj anotlier doctor^ by 
studying the fossils of the Chalk of the Kem Coastj e.stahlisheil a 
zonal sequence that has been assimilated into the internationally 
accepted ^onal scheme for the Cha.l]^: formation. A. Wrigley, in more 
recent yearSj by ccjllectiug from the London Cfey^ shed light on its 
fauna^ and conditions of deposition. All these built up large and 
varied Collections of perfect ahelLforma ihaq in addition to having 
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greai scieiiiLfic valiie^ wtti: a joy to see purely from tine standpoint of 
aesthetics when displayed in Lheir cabinets* Many of tho important 
fossil collections in our museums have been made by amateursj for 
collectln^^ ofi:en nt’ctssitates lon^ and conLinuons residence in the 
same district in order to be regularly on the spot. 

Palaeontology^ att distinct from merely collecting fossils as 
Tormed shells', demands both piiticnee and manual dexterity. 
Perfect specimerLS of fossils such as those on view in Onr mus^enTn^ are 
but I’srcly come by without being ^developedh For ojie pei'fecL 
specimen Ibund in the field, many broken ones are obtained. Even 
the perfcci: ones usually have much, country rock or 'matrix^ adhering 
to diem. Its removalj whotIr(.rr the rock be hard eir soft^ generally 
needs considerable skill, in attaining which many good ft^ssila are 
spoilt. A certain amount of apparatus and a convenieiit place to 
work are necessai’y to develop fossils^ which is definitely not a job 
for the draviung-room. Some biological, knowledge is required to 
ensure that speeimenR are not damaged through ignorance of dicir 
slTQCture and:, ^ more advi^nocd singe of workj Lo enable recog- 
indon to be made of some poi^sible fosfdl structure diat may not 
hitherto have been discovered. Bin: initial biological knowledge need 
not l3e profound - deeper insight follows automatically with deepen¬ 
ing uirerest. Difficulties of housing acconnnodatio]! for the fossils may 
prove an unfortunate Eind progrcsJiivc deterrent n> colfocLing^ for 
apL^cimciis require individuii.l protcetioT] to prevent their deteriora- 
Lion, which can be rapid if they rub againsL each olher even if they 
are in hard rocks; and fossils foom soft rocks are usually very fragile. 
A collection iherefore soon assumes considerable bulk. Micro- 
]3alaeontology?j dealing as it docs with minute fo^:^:ildJ avoids the 
troul^lcH cf storage space^ but nceesshates the use of a good micro- 
seope. li a branch of^iialaeontology likely to appeal Lo members of 
a tTUoi:osc^:kpe olub. 

Pftroi.ooy and Mtxfralocy 

Pefrology, whether amateur or professional, is also a specialisi: 
study. It does litl:le to satisfy a collecting instinct, for a collecLion of 
rock specimens^ however much it may appeal to tJie iiipecialistj has 
none of the aesthetic appeal that .is poaf^cssed by :i group of colourful 
and shEipcly minery.ly or of c:arelii] 1 y developed fossil shells. One of 
its uuiin inuu e^l:!^ lies in idenllfying Lhe constiluent minerals of the 
rocks and in deducing their modes of origin by examinatian of dtin 
slices under ihe microscope. A microscope especially bulli for peq-o- 
logical work is essential, as are also facihtiei^ h^r making thin slices^ 
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altJiOugli this l^St nLcd no long^’^' be a deterrent smce Jirr.-: iriade 
al. vea^iiabie cfisi bj-- profr^ssional lapidaries. 

The adentiiic deiinidon of a mineral as given on p. 34 has to be 
accepted in a condderatiort of mineralogy-. a bobby mineralogy 
Largely rcsoh=ies itedfinto collecting and identifying rninerals (most 
of which are crystal^} froni their macroscopic cbnraotcrisbcs. 

In gCTicral til ere h le^^s scope Tor collcofing inim^rals than fo&sil.L 
Scdiinexitary si.rata only occasionally yield lai^ge cry sink and the 
nomber of vai'iedes is small. Grystals of calcite, linown as dog¬ 
tooth spaVj are locally common. Gi’y^rals of seleriite are sometimes 
numerous in beds of clay. Large colomdoss and transparent selenite 
crystals^ ^ometiTnes -l or 3 in. long, are known popularly under sudh 
names ^ Tosdl ^vatcr' or Tossil iccL Quart? crystals ai’c also locally 
commonj ii^iually in veins uRsocia.Urd wdUr sOtiic OiC'-bodicS- Another 
common miner^d la iron pyi iteA^ csdsling a^ Toolk gold' in coal and 
in numerous formations an nodules of marcaEitej and in other forms. 
Marcasite nodules that are commonly found in chalt are often 
commonK- believed to be 'thunderbolts'. They are not meteorites^ 
but it bccojncs most difficult to comdnee many people on this 
point. 

'While the liKt ormineials to be Collected as large Specimens from 
sedimentai-y straia is soon cichau^ted^ the txhnverse holds in the case 
of vein rocis ihat have euher been mciamorphoscd by mineral¬ 
izing gases or fluids or consist of substances thal; have crystallized 
directly from them. A gi’eat variety of beautifnl crystals exists in 
these roch^i, Many^ however, arc mostly inaccessible except in tin 
mine^f, copper miTiCS aTuI the lik^r In Great Britain the beat kno^vn 
hunting-groLinds for vein min crab are Cornwi^lL parl:£ of Wnlcs^ 
Derbyshire and the Lake District. Fluor.^par (Blue John spar of 
Derbyshire] ia one of the most atiractive of these minerals. 
Since specitnens :ire normally unobtainable direct from mineral 
veins, dp-heap,^ of -waste material from, die mines may be 
frifltfui sources ol' supply, although many of thoae have beer .^0 
closely sear died that chances of finding rare mimn-als arc frw^ 

hdetamorphic rock^ oilier than vein rocks also yield immcrous 
mliicrahi instanced in pm-tEcnlar by garnets. Gemstones also come 
under the subject cl'mineralogy but to make a collection of these is 
normally beyond the resources of the average mun. Many crystals 
have an added iniei'cst to the coliucior when, they arc contained in a 
fragment of tlie counny rock ki wlfldi they occur in nature- In ffic.t 
it U often in the association of a mineral with its surrounding rock 
that its geological interest actually lies. 
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Tlie resLL’icted collec.dng sources of iTUTierals m^y Lo some exleiil; 
be augnientccl by recourse Lo dealers In mineralogical specimens. 
Certain dealers in the past^ however^ regarded mineralogy from a 
iDmcwliat different Htr-nsdpoint from that of amateur collector^, 
Duriiig die laif.er pan of die ninetconih eenvuTy miucralogyj or 
perhaps more correcLly coileei.ing mineralsj was a Ikshioiiable hobby 
amongst some of ihe more \vealtliy section of the communitj- in 
Great Britain. Many crystal specimens, particularly large jmd 
striViirg crystijl aggregates^ dceoi'stcd their houses. During this 
period in parLicLiiar l.he demand for specimens^ particularly for iliose 
attached Lo a fragment of country rock and ihereby related to dieir 
original sorroundingSj w^as greater than die .supply. Many fakes ivere 
prepared for sale' individual crystals of various kinds, valueless in 
themselves, were cleverly stuck on to somewhat unlikrrly rooks and 
sold at correSpOn.dirigly enlianced prices. Some; very skillul fakes were 
recently di:^oovered in a coliecdon <hat had been bequeathed to the 
Universli.y Museum at Oxford. It is found that few of the adhesives 
and colouring marters that were used resist boil mg water! 

During the early part of the present century^ suggestions folanded 
on a very slight basis were subtly pui: out It^ some seaside towns 
adjacent to tho^se areas ]y\ G-rtiat Britain where rai'er minerals 
would be c^itpeeted to occur, tliat on sea beaches crystals of gem or 
neai'-g-cm quality wfrre likely to be found as pebbles; and that these 
would repay cutting and polishing and mounting as jewels. Many 
pebbles u-ei-e indeed collected—and for each of thetri the "jewellers' 
substituted a synthetic stone made in Germany and worth a few 
pence only, 

HisTORLOAn Geology axd GiiOT.OGJCAL MAPPt^^G 

To make a geological map of area of open couniry is by far 
the best way of getting tlio out of historical geologic In mappings 

the surface arraAgemi:nt of the several atrata of a district are traced 
and their mutual relu-tionsldpit determined. This leads to the formu¬ 
lation of views on die probable progression of geographica) evcjits of 
past ages thar led up to the present-day structures and land^forins. 
But geological mapping as a pastime has its bmi.tationSH Not every 
locality is suitable for amateur working' cities and tow'ns obviously 
havu no attractions. In o}>en country it is not always easy to get 
permis.>lGtx from la.ridowricrs to enter on their land^ particularly 
where game Is preserved or land Is heavily cropped. In pomt of 
faCLj however^ most difficulties of access are usually overcome;, <:)dcc 
u landowner appreciates what one is doing. In country of simple 
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^^cologicjil 3li'LiCture a rcason-j.blv gooO kill-roiLiid g^^ological know- 
U’dgc is ivanted^ and complicatfid areay demand a first-clasa 
background. I'he rate of pi'ogresa of work, aa rf^garda area covered, 
can only be alow. In couDtiy of relatively aimple alrtictute a. fair rate 
for a profcsional ^-urveyor doing detailed mapping; and tvorkujgfuU 
timCj b three liquarc milea in a fortnightj and complex coatitry niay 
take considerably longer^ 
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